








ENCYCLOPAEDIA BRITANNICA s 


OR, A 


DICTIONARY 


O F 


ARTS, SCIENCES, 

AND 

MISCELLANEOUS LITERATURE; 
Conftrudted on a Plan, 

BY WHICH 

• THE DIFFERENT SCIENCES AND ARTS 

Are digefted into the Form of Diftindt 

TREATISES or SYSTEMS;. 

COMPRI II ENDING 

The History, Theory, and Practice, of each, 

according to the Lateft Difcoveries and Improvements ; 

and full EXPLANATIONS given of the 

VARIOUS DETACHED PARTS OF KNOWLEDGE, 

WHETHER RELATING TO 

Natural and Artificial Objects, or to Matters Ecclesiastical, 
Civil, Military, Commercial, & c . 

Including Elucidations of the mod important Topics relative to Religion, Morals^ 

Manners, and the Oeconomy of Life : 

TOGETHER WITH 

A Description of all the Countries, Cities, principal Mountains, Seas, Rivers, <bc. 

throughout the World) 

A* General History, Ancient and Modern, of the different Empires, Kingdoms, and States; 

AND 

An Account of the Lives of the mod Eminent Perfons in every Nation, 
from the earlieft ages down to the prefent times. 

Compiled Jr om the nvrltir.gs of tie LJl Authors , in fevered languages ; the moft approved Diftionarits , as -well of general faience as of its parti~ 
cular branches ; the Tranfa&ions, Journals , and Memoirs, of Learned Societies , both at home and abroad ; the MS. Lectures of 
Eminent Prnfcjfors on different fciences ; and a variety of Original Materials , furnifhed by an F.xtenjive Correfpondenee. 

THE THIRD EDITION , IN EIGHTEEN VOLUMES , GREATLY IMPROVED . 

ILLUSTRATED WITH FIVE HUNDRED AND FORTY-TWO COPPERPLATES. 

V O L. XI. 


INDOCTI DlSCANTt ET AMENT MRMIN 1 SSE PERIT 1 . 


EDINBURGH, 

PRINTED FOR A. BELL AND C. MACFA RQJJHARj 

MDCCXCVir, 






MIC [ 693 ] MIC 

769 he published, *• A Let- Hiftorical Errors of Dr Adam Smith, in his Reafons 


Mickle. Spencer,” 410 ; and in 1 

ter to Mr Harwood, wherein fome of his evaiive 
GlofTes, falfe Truncations, and blundering Criticifms, 
in fupport of the Arian Herefy, contained in his Li- 
teral i ’ranflation of the New I eftament, are pointed out 
and confuted,” 8vo: and next year he pubhfhed 44 Ma- 
ry Queen of Scots, an Elegy ' 44 Hengift and Mary, 
a Ballad and 44 Knowledge, an Ode in Peareh’s 
Collection of Poems. In 1770 he publifhed 44 Vol- 
taire in the Shades, or Dialogues on the Deiftical Con- 
trovcrfy,” 8vo. The Elegy on Mary had been fub- 
mitted to the judgment of Lord Lyttelton, who de- 
clined to criticife it, not for its deficiency in poetical 
merit, but fiom thinking differently from the author 
concerning that unfortunate princefs. 

About this time Mr Mickle was a frequent writer 
in the Whitehall Evening Poll; but a more important 
work now engaged hlsatention. When no more than 
1 7 years of age he had read Caftara's tranflation of 
the Lufiad of Camoens into French, and then pro- 
jected the defign of giving an Englifh tranflation of it. 
From this, however, he was prevented by various avo- 
cations till the year 1771, when he publifhed the firft 
book as a fpecimen : and having prepared himfelf by 
acquiring feme knowledge of the Portuguefe language, 
he determined to apply himfelf entirely to this work. 
With this view he quitted his refidence at Oxford, and 
went to a farm-houfe at Forefthill, where he purfued 
his defign with unremitting affiduity till the year 1775, 
when the work was entirely finifhed. 

During the time that Mr Mickle was engaged in 
this work, he fubfifted entirely by his employment as 
corre&or of the prefs ; and on his quitting that em- 
ployment he had only the fubferiptions he received 
for his tranflation to fupport him. Notwithflanding 
thefe difficulties, he adhered fteadily to the plan he 
had laid down, and completed it in about five years. 

When his work was finifhed, Mr Mickle applied to 
a perfon of great rank, with whom his family had been 
connected, for permiffion to dedicate it to him. Per- 
miffion was granted, and his patron honoured him with 
a very polite letter ; but after receiving a copy, for 
which an extraordinary price was paid for the binding, 
he did not think proper to take any notice of the au- 
thor. At laft a gentleman of high rank in the poli- 
tical world, a firm friend to the author, and who af- 
terwards took him under his protection, waited on the 
patron, and heard him declare that he had not read 
the work, but that it had been reprefented not to have 
the merit it was at firft faid to poffefs. The applaufe 
with which the work was received, however, foon ba- 
nifhed from the author’s mind thofe difagreeable fen- 
fations which had been occafioned by the contemptu- 
ous negledl of his patron, as well as fome fevtre cri- 
ticifms which had been circulated concerning it. A 
ftcond edition was prepared in 1778, with a plate 
prefixed to it, executed by the celebrated artift Mor- 
timer; on whom Mr Mickle wrote an epitaph in 1779. 
This year alfo he publifhed a pamplet, intitled, 44 A 
Candid Examination of the Reafons for depriving the 
Faft India Company of its- Charter, contained in The 
Hiftory and. Management of the Faff India Company 
from its Commencement to the PrefentTime; together 
with fome Strictures on the Self- Contradictions and 
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for the Abolition of the faid Company,” 4to. About ^ r J 0C0 £ 
this time fome of his friends thought of recommend- 
ing him to the king as deferving of a penfion ; but , 
this fcheme was never put in execution. Dr Lowth, 
bifhop of London, would have put him into orders, 
and provided for him in the church ; but this was not 
agreeable to our author’s difpofition. While he was 
meditating a publication of all his poems, in which he 
would moft probably have found his account, he was 
appointed fecretary to Commodore Johnftone, who 
had lately obtained the command of the Romney man 
of war. In November 1 779 he arrived at Lifbon, and 
was named by his patron joint agent for the prizes 
which were taken. In this capital and its neighbour- 
hood he refided more than fix months, being every* 
where received with every mark of politenefs and at- 
tention; and during this period he compofed his poem 
called 44 Almada Hill,” which in 1781 was publifhed 
in quarto. He collected alfo many particulars con- 
cerning the manners of the Portuguefe, which he in- 
tended alfo to have publifhed. During his flay at 
Lifbon the royal academy was opened; and Mr Mickle, 
who was prefent at the ceremony of its commencement, 
had the honour to be admitted a member under the 
prefidency of Don John of Braganza duke of La- 
foens. H13 prefence being thought neceffary in Eng- 
land to attend to the proceedings of the courts of law 
refpedling the condemnation of fome of the prizes, he 
did not accompany the commodore in his laft expedi- 
tion, nor did he go any more to fea. In 1 782 he pub- 
lifhed 44 The Prophecy of Queen Emma, an ancient 
Ballad lately difeevered, written by Johannes Turgot- 
tus, prior of Durham, in the reign of William Rufus^ 
to which is added by the Editor, an Account of the 
Difcovery, and Hints towards a Vindication of the 
Authenticity, of the Poems of Offian and Rowley,’*' 

8vo. 

In June this year Mr Mickle married Mils Tomkins, 
daughter of the perfon with whom he refided at Fo» 
rell-hill, while engaged in tranflating the Lufiad. Hal - 
ving received fome fortune with this lady, as well as 
made fome money himfelf when in the fervice of Com- 
modore Johnftone, he now enjoyed a comfortable in- 
dependence. Having fixed his refidencc at Wheatley 
in Oxiordfhire, he devoted his time to the revifion of 
his poetical works, which he propofed to publifh by 
fubfeription ; but the plan has not yet been carried in- 
to execution. The laft feven years of his life were 
employed in writing for the European Magazine. 

The Fragments of Leo, and fome of the moft ap- 
proved reviews- of books, in that performance, were of 
his production. He died after a ftiort ilinefs on the 
25th of OClober 1788 at Wheatley, leaving one fon 
behind hi.m. His poetry pofiefles much beauty, va- 
riety, harmony of numbers, and vigour of imagination s . 
his life was without reproach ; his foibles were few* 
and in offenfive; his virtues many; and his genius- 
very conftderable. 

MICROCOSM, a Greek term fignifying the little 
world ; ufed by fome for mart, as being, fuppofed an. 
epitome of the univerfe or great world. 

MICROCOSMIC acid. See Phosphorus (A±- 
cid of)* 

MICRCi- 
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Mi&mgra- MICROGRAPHY, the defcription of obje&s too 
minute to be viewed without the afiiftance of a micro- 
Ter°. rne " fcopc. See Microscopic Objects. 
y — — j MICROMETER, an inftrument, by the help of 

which the apparent magnitudes of objects viewed thro’ 
telefcopes or microfcopes are meafured with great ex- 
a&nefs. 

I. The firft: telescopic micrometers were only me- 
chanical contrivances for mea Turing the image of an 
objed in the focus of the objed-glafs. Before thefe 
contrivances were thought of,- aflronomcrs were accu- 
ftomed to mealure the field of view in each of their 
telefcopes, by obferving how much of the moon they 
could fee through it, the femidiameter being reckoned 
at 15 or 16 minutes; and other diftances were efti- 
mated by the eve, comparing them with the field of 
view. Mr Gafcoigne, an Englifh gentleman, however, 
fell upon a much more exad method, and had a Trea- 
life on Optics prepared for the prefs; but he was kill- 
ed during the civil wars in the fervice of Charles I. 
and his manufeript was never found. His infirument, 
however, fell 'nto the hands of Mr R Townly, who 
fays, that by the help of it he could mark above 
40,000 divifions in a foot. 

Mr Gafcoigne’s inftrument being ftiown to Dr 
Hooke, he gave a drawing and defcription of it, and 
propofed feveral improvements in it, which may be 
ieen in Phil. Tranf. abr. Vol. 1 . p 217. Mr Gafcoigne 
divided the image of an object, in the focus of the ob- 
jed-glafs, by the approach of two pieces of metal 
ground to a very fine edge, in the place of which Dr 
Hooke would fubftitute two line hairs ftrctched paral- 
lel to one another. Two other methods of Dr Hooked, 
different from this, are deferibed in his Pofthumous 
Works, p.497, 498. An account of feveral curious 
obfervations that Mr Gafcoigne made by the help of 
his micrometer, particularly in the menfuration of the 
diameters of the moon and other planets, may be feen 
in the Phil. Tranf. Vol. XLVIII. p. x 90. 

Mr Huygens, as appears by his Syftem of Saturn, 
publi/hed in 1659, ufed to meafure the apparent dia- 
meters of the planets, or any fmall angles, by firft mea- 
furing the quantity of the field of view in his telcfcope; 
which, he fays, is beft done by obferving the time 
which a liar takes up in palling over it, and then prepa- 
ring two or three long and (lender brafs plates, of va- 
rious breadths, the fides of which were very ftraight, 
and converging to a fmall angle. In making ufe of 
thefe pieces of brafs, he made them Hide in two Hits, 
that were made in che fidcs of the tube, oppofite to the 
place of the image, and obferved in what place it juft: 
covered the diameter of any planet, or any fmall di- 
jftance that he wanted to meafure. - It was obferved, 
however, by Sir Ifaac Newton, that the diameters of 
planets, meafured in this manner, will be larger than 
they Ihould be, as all lucid objeds appear to be when 
they are viewed upon dark ones. 

In the Ephemerides of the Marquis of Malvafia, 
publilhed in 1662, it appears that he had a method of 
meafuring fmall diftances between fixed liars and the 
diameters of the planets, and alfo of taking accurate 
draughts of the fpots of the moon ; and this was by a 
net of filver wire, fixed in the common focus of the 
©bjed and eye-glafs. He alfo contrived to make one of 
two liars to pafs along the threads of this net, by turn- 
ing it, or the telefcope, a 6 much as was necefiary for 
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that purpofe ; and he counted, by a pendulum-clock, Microme* 
beating feconds, the time that elapfed in its paflage ttr * 
from one wire to another, which gave him the number , " 1 * 

of the minutes and feconds of a degree contained be- 
tween the intervals of the wires of his net, with refped 
to the focal length of his telefcope. 

In 1 666, Mefirs Azout and Picard publilhed a de- 
fcription of a micrometer, which was nearly the fame 
with that of the Marquis of Malvafia, excepting the 
method of dividing it, which they performed with more 
exadnefs by a ferew. In fome cafes they ufed threads 
of filk, as being finer than filver wires. Dechales alfo 
recommends a micrometer confifting of fine wires, or 
filken threads, the diftances of which were exadly 
known, difpofed in the form of a net, as peculiarly 
convenient for taking a map of the moon. 

M. de la Hire fays, that there is no method more 
fimple or commodious for obferving the digits of an 
eclipfe than a net in the focus of the telefcope. Thefe, 
he fays, were generally made of filken threads ; and 
that for this particular purpofe fix concentric circles 
had alfo been made ufe of, drawn upon oiled paper ; 
but he advifes to draw the circles on very thin piece® 
of glafs with the point of a diamond. He alfo give* 
feveral particular directions to afiift perfons in the ufe 
of them, In another memoir he fhows a method of 
making ufe of the fame net for all eclipfes, by ufing 
a telefcope with two objed-glaffes, and placing them 
at different diftances from one another. 

Different Conjl ructions of Micrometers . The firft we Pla^e 
lhall deferibe is that by Mr Huygens. Det ABCD CCXCY, 
be a fedion of the telefcope at the principal focus of 
the objed-glafs, or where the wires are fituated, which 
are placed in a Ihort tube containing the eye-glafs, and 
may be turned into any polition by turning that tube; 
m n is a fine wire extended over its centre ; dw, xy, 
are two ftraight plates whofe edges are parallel and 
well defined, and perpendicular to mn; vw is fixed, 
and xy moves parallel to it by means of a ferew, which 
carries two indexes over a graduated plate, to (how 
the number of revolutions and parts of a revolution 
which it makes. Now to meafure any angle, we muff: 
firft afeertain the number of revolutions and paits of 
a revolution correfponding to fome known angle, 
which may be thus done : ill, Bring the inner ed *es 

of the plates exadly to coincide, and fet each index 
to o ; turn the Tcrew, and feparate the plates to any 
diftance ; and obferve the time a ftar m is in palling 
along the wire mn from one plate to the other; for 
that time, turned into minutes and feconds of a de- 
gree, will be the angle anfwering to the number of re- 
volutions, or the angle correfponding to the diftance. 

"llnis, if d~ cof. of the liar’s declination, we have 
1 S' dm, the angle correfponding to this diftance; and 
hence, by proportion, we find the angle anfwering to 
any other, idly. Set up an objed of a known diame- 
ter, or two objects at a given diftance, and turn the 
ferew till the edges of the plates become tangents to 
the objed, or till their opening juft takes in the di- 
ftance of the two objeds upon the wire mn; then 
from the diameter, or diftance of the two objects 
from each other, and their diftance from the glafs, 
calculate the angle, and obferve the number of revolu- 
tions and parts correfponding. 3 d/y, Take the dia- 
meter of the fun on any day, by making the edges of 
C he plates tangents to the oppofite limbs, and find, 

fcox* 
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Mxcrome- from the nautical almanac, what is his diameter on 
tc r - that day. Here it will be heft to take the upper and 
lower limbs of the fun when on the meridian, as he has 
then no motion perpendicular to the horizon. If the 
edges do not coincide when the indexes fland at c, 
we mull allow for the error. Inftead of making a pro- 
portion, it is better to have a table calculated to ihow 
the angle corresponding to every revolution and parts 
of a revolution. But the obfe^ver mu ft remember, that 
when the micrometer is fixed to telefcopes of different 
focal lengths, a new table mult be made. The whole 
fyftem of wires is turned about in its own plane, by 
turning the eye-tube round with a hand, and by 
that means the wire mn can be thrown into any poli- 
tico, and c. nfequently angles in any polition may be 
meafured. Dr Bradley added a fmall motion by a 
rack and pinion to let the wires more accurately in any 
polition. 

Inftead of two plates, two wires were afterwards 
put ; and Sir Il'aac Newton obferved, that the diame- 
ters of the planets meafured by the plates were fome- 
what bigger than they ought, as -appeared by compa- 
ring Mr Huygens’s meafures with others taken with the 
wires ; and alio by comparing the diameter of mercu- 
ry obferved in and out of the fun’s diik, the latter 
being the greateft. Dark obje&s on bright ones ap- 
pear left, and light objects on dark ones appear greater, 
than if they were equally bright ; owing, perhaps, to 
the brighter image 011 the retina diffufing itfelf into the 
darker : and the bright image of the planet being in- 
tercepted by the plates, the taint dilfufed light becomes 
more fenfibie, and is miitaken for the edge of the pla- 
net. 

But the micrometer, as now contrived, is of ufe, 
not only to find the angular diftance of bodies in 
the field of view at the fame time, but alfo of thofe 
winch, when the telcfcope is fixed, pafs through the 
field of view fuccefiivcly ; by which means we can find 
the difference of their right afcenlions and declinations. 

Fig 2, Let Atf, B £, Or, be three parallel and equidiftant 
wires, the middle one bi feeling the fidd of view ; 
PI O R a fixed wire perpendicular to them palling 
through the centre of the field; and F f y G g 9 two 
wires parallel to it, each moveable by a micro- 
meter ferew, as before, fo that they can be brought 
lip to PI O R, or a little beyond. r i hen to find 
the angular diftance of two obje&s, bring them very 
near to B b, and in aline parallel to it, by turning 
about the wires, and bring one upon H 0 R, and by the 
micrometer ferew make F f or Gg pafs through the 
other ; then turn the ferew till that wire coincides 
with H O R, and the arc which the index has paffed 
over {hows their angular diftance. If the objects' be 
further remote than you can carry the diftance of one 
of the wires F f, Gy, from HO R, then bring one 
object to Ff and the other to Gy ; and turn each 
micrometer ferew till thev meet, and the fum of the 
arcs paffed over by each index gives their angular di- 
ftance. If the obje&s be two liars, and one of them 
be made to run along H O R, or either of the move- 
able wires as occafion may require, the motion of the 
other will be paralkl to thefe wires, and their differ- 
ence of declinations may be obferved with great exaCl- 
Befs j but ii*. taking any other diftances, the motion 


of the liars being oblique to them, it is not quite fo Microme- 
eafy to get them parallel to B b$ becaufe if one liar ff ' r ’ A 
be brought near, and the eye be applied to the other 
to adjuft the wires to it, the former liar will have got- 
ten a little away from the wire. Dr Bradley, in h:\<* 
account of the ufe of this micrometer, publifhed by 
Dr Mafkeleyne in the Philofophical "Franfandlions 
for 1 772, thinks the beft way is to move the eye back- 
wards and forwards as quick as pofiible ; but it feemg 
to me to be beft to fix the eye at fome point between, 
by which means it takes in both at once fufficiently 
well defined to compare them with BC. In finding 
the difference of declinations, if both bodies do not 
come into the field of view at the fame time, make 
one run along the wire H O R, as before, and fix the 
telcfcope and wait till the other comes in, and thea 
adjuft one of the moveable wires to it, and bring it up 
to H O R, and the index gives the difference of their 
declinations. The difference of time between the paf- 
fage of the liar at either of the crofs moveable wires, 
and the traniit of the other itar over the crofs fixed 
wire (which veprefents a meridian), turned into de- 
grees and minutes, will give the difference of right 
afeenfion. The liar has been here fuppofed to be I4- 
fcCted by the wire ; but if the wire- be a tangent to it, 
allowance mull be made for the breadth of the wire, 
provided the adjuftment be made for the coinci- 
dence of the wires, in obferving the diameters of the 
fun, moon, or planets, it may perhaps be moft con- 
venient to make ufe of the outer edges of the wires, 
becaufe they appear moft diftinCl when quite within 
the limb : but if there fhould be any fenfibie inflection 
of the rays of light in palling by the wires, it will be 
beft avoided by uling the inner edge of one wire and 
the outward edge of the other ; for by that means 
the inflection at both limbs will be the fame way, 
and therefore there will be no alteration of the rela- 
tive pofition of the rays palling by each wire. And 
it will be convenient in the micrometer to note at what 
divifion the index ftands when the moveable wire co- 
incides with IP O R; for then you need not bring the 
wire when a ftar is upon it up to H O R, only reckon 
from the divifion at which the index then ftands to the 
above divifion. 

With a micrometer therefore thus adapted to a te- 
lcfcope, Mr Servington 8a very of Exeter propofed 
a new way of meafuring the difference between the 
greateft and leaft apparent diameters of the fun, al- 
though tlie whole of the fun was not vifible in the field 
of view at once. The method we fhall briefly deferibe. 

Place two objeCl-glaffes inftead of one, fo as to form 
two images whole limbs fliall be at a fmall diftance 
from each other ; or inftead of two perfeCl lenfes, he 
propofed to cut a Angle lens into four parts of equal 
breadths by parallel lines, and to place the two feg- 
rrients with their ftraight iides againtt each other, or 
the two middle fruf; rums with their oppofite edges 
together ; in either cafe, the two parts which before 
had a common centre and axis, have now their centres 
and axes feparated, mid confequently two images will' 
be formed as before by tvvo / perfeCl lenfes. Another 
method in reflcClors was to cut the large concave re-- 
fleCtor through the centre, and by a contrivance to 
turn up the outer edges whilft the ftraight ones re-> 

mainedL 
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Microme- mained fixed ; by which means the axis of the two 
y te ‘* parts became inclined, and formed two images. Two 
* ma g es ^ e j n g formed in this manner, he propofed to 
meafure the di fiance between the limbs when the dia- 
meters of the fun were the greateft and lead, the dif- 
ference of which would be the difference of thetdiame- 
ters required. Thus far we are indebted to Sa- 
very for the idea of forming two images ; and the ad- 
mirable ufes to which it was afterwards applied, we 
fhall next proceed to defcribe. 

The divided objedt-glafs micrometer, as now made, 
was contrived by the late Mr John Dollond, and by 
him adapted to the objedbend of a reflecting telefcope, 
and has been fince by the prefent Mr P. Dollond his fon 
applied with equal advantage to the end of an achromatic 
telefcope. The principle is this : The objedbglafs is 
divided into two fegments in a line drawn through the 
centre ; each fegment is fixed in a feparate frame of 
brafs, which is moveable, fo that the centres of the 
two fegments may be brought together by a handle 
for that purpofe, and thereby form one image of an 
object ; but when feparated they will form two ima- 
ges, lying in a iinepaffmg through the centre of each 
fegment ; and confequently the motion of each image 
will be parallel to that line, which can be thrown into 
any pofition by the contrivance of another handle to 
turn the glafs about in its own plane. The brafs-work 
carries a vernier to meafure the di fiance of the centres 
$*ig. 3. of the two fegments'. Now let E and H be the cen- 
tres of the two fegments, F their principal focus, and 
P Q^two difiant objedls in FE, FH, produced, or the 
oppoiite limbs of the fame objedt PBQD ; then the 
images of P and formed by each fegment, or the 
images of the oppoiite limbs of the objedt PBQD, 
coincide at F : hence two images mz sF, nx F of that 
objedt are formed, whofc limbs are in contadl ; there- 
fore the angular diftance of the points P and QJs the 
fame as the angle which the difiance EH fubtends at 
F, which, as the angles fuppoled to be meafured are 
very fmall, will vary as EH extremely nearly ; and 
confequently if the angle correfponding to one inter- 
val of the centres of the fegments be known, the 
angle correfponding to any other will be found by pro- 
portion. Now to -find the interval for fome one angle, 
N^ 218. 


take the horizontal diameter of the fun on any day, Mkrome* 
by feparating the images till the contrary limbs coin- ter * 

cide, and read off by the vernier the interval of their ~ v 

centres, and look into the nautical almanac for the di- 
ameter of the fun on that day, and you have the cor- 
refponding angle. Or if greater exadtnefs be required 
than from taking the angle in proportion to the difian- 
ces of their centres, we may proceed thus : — Draw 
FG perpendicular to EH, which therefore bifedts it ; 
then one half EH, or EG, is the tangent of half the 
angle EFH; hence, half the difiance of their centres : 
tangent of half the angle correfponding to that difiance 
: : half any other diilance of the centres : tangent of 
half the correfponding angle (a). 

Hence the method of meafuring fmall angles ij 
manifeft ; for we c.onfider P, either as two ob- 
jects whofe images are brought together by feparating 
the two fegments, or as the oppoiite limbs of one ob- 
ject PBQ^A, whofe images, formed by the two feg- 
ments E, H, touch at F : in the former cafe, E H 
gives the angular difiance of the two objedts ; and in 
the latter, it gives the angle under which the diameter 
of the objedt appears. Hence, to find the angular 
difiance of two objedts, feparate the fegments till the 
two images which approach (b) each other coincide ; 
and to find the diameter of an objedt, feparate the 
fegments till the contrary limbs of the images touch 
each other, and read off the difiance of the centres 
of the fegment from the vernier (c), and find the 
angle as diredted in the laft article. From hence 
appears one great fuperiority in this above the wire 
micrometer ; as, with this, any diameter of an ob- 
ject may be meafured with the fame eafe and accti* 
racy ; whereas wich that we cannot with accuracy 
meafure any diameter, except that which is at right 
angles to its apparent motion. 

But, befides thefe two ufes to which the inftrument 
feems fo well adapted, Dr Malkelyne has fhown, in 
the Philofophical Tranfadtions for the year 1771, 
how it may be applied to find the difference of right 
afeenfions and declinations. For this purpofe, two 
wires at right angles to each other, bife&ing the field 
of view, muff be placed in the principal focus of the 
cye-glafs, and moveable about in their own plane. — . 

Let 


(a) If the objedt be not a difiant one, let / be the principal focus; then F f : F'G : : FG : FK (FG 
’being produced to meet a line joining the apparent places of the two objedts P, QJ, dividendo, fG : FG 

, : GK : FK, and alternando, / G : GK : : FG : FK : : (bv fimilar triangles) EH : PQ, hence 

^ — J cjt GK 

therefore the angle fubtended by EH at / = the angle fubtended by PQ^at G ; and confequently, as fG is 
conftant, the angle meafured at G is, in this cafe aifo, in proportion to EH. The inffrument is not adapted 
-to meafure the angular diftance of bodies, one of which is near and the other at a diftance, becaufe their 
images would not be formed together. 

(b) Befides thefe two images, there will be two others receding from each other, for each fegment gives 
an image of each object. 

(c) To determine whether there be any error of adjuitment of the micrometer fcale, meafure the dia- 
meter of any fmall well defined objedt, as Jupiter's equatorial diameter, or the longeft axis of SaturiFs ring, 
both ways, that is, with o on the vernier to the right and left of o on the fcale, and half the difference 
Is the error required ; which muff be added to . fubtradted from all obfervations, according as the dia- 
meter meafured with o on the vernier, when advanced on the fcale, is lefs or greater than the diameter 
sneafured the other v/ay. And it is alfo evident, that half -the fum of the diameters thus meafured gives 
'the true diameter of the objedt. 





Pig. 4. 


fig- 5* 
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preceding 
page col 2 
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Let HCRrbe the held of view, HR and Cc the two 
wires ; turn the wires till the we Hern mo it liar (which 
is the heft, having further to move) run along ROH; 
then feparate the two fegments and turn about the 
micrometer till the two images of the lame ftar lie in 
the wire Cc ; and then, partly by feparating the feg- 
ments, and partly by raffing or deprefling the tele- 
fcope, bring the two innermoft images of the two ftars 
to appear and run along ROH, as a, b, and the ver- 
nier will give the difference of their declinations ; be- 
caufc, as the two images of one of the ftars coincided 
with O', the image of each ftar was brought per- 
pendicularly upon HR, or to HR in their proper 
meridian. And, for the fame reafon, the difference 
of their times of palling the wire COc will give their 
difference of right afcenfions. Thefe operations will 
be facilitated, if the telefcope be mounted on a polar 
axis. If two other wires KL, MN, parallel to Cc, 
be placed near H and R, the obfervation may be 
made on two ftars whofe difference of meridians is 
nearly equal to HR the diameter of the field of view, 
by bringing the two images of one of the ftars to 
coincide with one of thefe wires. If two ftars be ob- 
fcu ved whofe difference of declinations is well fettled, 
the fcak of the micrometer will be known. 

It has hitherto been fuppofed, that the images of 
the two ftars can be both brought into the field of 
view at once upon the wire HOR.: but if they can- 
not, fet the micrometer to the difference of their de- 
clinations as nearly as you can, and make the image 
which comes fir ft run along the wire HOR, by ele- 
vating or deprefling the telefcope ; and when the other 
ftar comes in, if it do not alfo run along HOR, alter 
the micrometer till it does, and half the fum of the 
numbers fhown by the micrometer at the two feparate 
obfervations of the two ftars 011 the wire HOR will 
be the difference of their declinations. That this 
fhou'd be true, it is manifeftly neceffary that the two 
fegments fhould recede equally in oppolite directions ; 
and this is effected by Mr Dollond in his new im- 
provement of the object-glafs micrometer. 

The difference of right afcenfions and declinations 
of Venus or Mercury in the fun’s dilk and the fun’s 
limb may be thus found. Turn the wires fo that the 
north limb n of the fun’s image AB, or the north 
limb of the image V of the planet, may run along the 
wire RH, which therefore will then be parallel to the 
equator, and confequently Cc a fecondary to it-; then 
feparate the fegments, and turn about the micrometer 
till the two images Vv of the planet pafs Cc at the 
fame time, and then by feparating the fegments, 
bring the north limb of the northernmoft image V of 
the planet to touch HR, at the time the northenmoft 
limb n of the fouthernmoft image AB of the fun 
touches it, and the micrometer fhows the difference 
of declinations of the northernmoft limbs of the pla- 
net and fun, for the reafon formerly given f , we ha- 
ving brought the northernmoft limbs of the two in- 
■ nermoft images V and AB to HR, thefe two being 
manifeftly interior to v and the northernmoft limb N of 
the image PQ^ In the fame manner we take the diffe- 
rence of declinations of their fouthernmoft limbs ; and 
Vol. XI. Part II. 
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half the. difference of the two meafures, (taking im- 
mediately one after another) is equal to the difference 
of the declinations of their centres, without any re- 


vT : ciom*. 


gard to the fun’s or planet’s diameters, or error of 


adjuftmerit of the micrometer; for as it affedts both 
equally, the difference is the fame as if there were no 
error : and the difference of the times of the tran- 
lits of the eaftern or weftern limbs of the fun and pla- 
net over Cc gives the difference of their right afeen- 
lions. 

Inftead of the difference of right afcenfions, the di- 
ftance of the planet fio.n the fun’s limb, in lines pa- 
rallel to the equator, may be more accurately obferved 
thus: Separate the fegments, and turn about the 
wires and micrometer, fo as to make both images Fig. 6. 

V, v, run along HR, or fo tint the two interfe&ions 
I, T, of the fun’s image may pafs Cc at the fame 
time. Then bring the planet’s and fun’s limbs into 
contad, as at V, and do the fame for the other limb 
of the fun, and half the difference gives the diftance 
of the centre of the planet from the middle of the 
chord on the fun’s dilk parallel to the equator, or the 
difference of the right afcenfions of their centres, ?.l- 
lovving for the motion of the plan^-t in the interval of 
the obfervations, without any regard to the error of 
adjustment, for the fame reafon as before. For if 
you take any point in the chord of a circle, half the 
difference of the two fegments is manifeftly the di- 
ftance of the point from the middle of the chord; and 
as the planet runs along HR, the chord is parallel to 
the equator. 

In like manner, the diftances of their limbs may be Fig. 
meaiured in lines perpendicular to the equator, by 
bringing the micrometer into the polition already 
deferibed*, and inftead of bringing V to HR, fepa- * Seethe 
rate the fegments till the northernmoft limbs coincide F recedin o 
as at V ; and in the fame manner make their fouthern* 
moft images to coincide, and half the difference 01 
the two meafures, allowing for the planet's motion, 
gives the difference of the declinations of their 
centres. 

Hence the true place of a planet in the fun’s dilk 
may at any time of its tranfit be found ; and confe- 
quently the nearelt approach to the centre and the 
time of ecliptic conjunction may be deduced, although 
the middle fhould not be obferved. / 

But however valuable the objeCf-glafs microme- 
ter undoubtedly is, difficulties fometimes have been 
found in its ufe, owing to the alteration of the focus 
of the eye, which will caufe it to give different mea- 
fures of the fame angle at different times. For in- 
fiance, in meafuring the fun’s diameter, the axis of 
the pencil coming through the two fegments from the 
contrary limbs of the fun, as PF, QF, fig. 3. crofting 
one another in the focus F under an angle equal to the 
fun’s femiriiameter, the union of the limbs cannot ap- 
pear perfect, unlefs the eye be difpofed to fee objects 
diftinCtly at the place where the images are formed ; 
for if the eye be difpoied to fee objects nearer to or fur- 
ther off than that place, in he latter cafe the limbs 
will appear feparated, and in the former they will ap- 
pear to lap over (d). This imperfection led Hr Ma- 
4 T fkelyne 



(d) For if the eye can fee diftinCtly an image at F, the pencils of rays, of which PF, QF are the two axes, 
diverging from F, are each brought to a focus on the retina at the fame point ; and therefore the two limbs 

appear 
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Mlcrome- fkelyne to Inquire, whether fome method might not 
ter * be found of producing two diftin& images of the fun, 
or any other objedl, by bringing the axis of each pen- 
cil to coincide, or very nearly fo, before the formation of 
the images, by which means the limbs when brought 
together would not be liable to appear feparated from 
any alteration of the eye ; and this he found would be 
effected by the refraction of two prifms, placed either 
without or within the telefcope ; and on this prin- 
' ciple, placing the prifms within, he conftrudted a new 
micrometer, and had one executed by Mr Doliond, 
which upon trial anfwered as he expected. The con- 
ft ruCtion is as follows. ^ 

Jig. 8, 9. Let AB be the objeCt-glafs ; ab the image, fup- 
pofe of the fun, which would have been formed in 
the principal focus 'Q^j but let the prifms PR, SR be 
placed to intercept the rays, and let EF, WG, be two 
rays proceeding from the eaftern and weftern limbs of 
the fun, converging, after refraction at the lens, to a 
and b ; and fuppofe the refra&ion of the prifms to be 
fuch, that in fig. 8. the ray EFR, after refra&ion at 
R by the prifm PR, may proceed in the direction RQ_,; 
and as all the rays which were proceeding to a fuffer 
the fame refradlion at the prifm, they will all be re- 
fracted to and therefore, inftead of an image ab y 
which would have been formed by the lens alone, an 
image Q^is formed by thofe rays which fall on the 
prifm PR ; and for the fame reafon, the rays falling 
on the prifm SR will form an image Q// : and in fig. 
9. the image of the point b is brought to by the 
prifm PR, and confequently an image Q^/ is formed 
by thofe rays which fall on PR : and for the fame rea- 
fon, an image C>£ is formed by the rays falling on SR. 
Now in both cafes, as the rays EFR, WGR, coming 
from the two oppofite limbs of the fun, and forming 
the point of contact of the two limbs, proceed in the 
fame direction RQ^, they mtift thus accompany each 
<*>ther through the eye-glafs and alfo through the eye, 
whatever refraCtive power it has, and therefore to 
every eye the images mult appear to touch. Now the 
angle a Kb is twice the refraCtion of the prifm, and 
the angle aCb is the diameter of the fun ; and as thefe 
angles are very final), and have the fame fubtenfe ab> 
we have the angle aKb : angle aCb : : CQ: RQ^ — 
Now as CQ^is conftant, and alfo the angle <zR^ being 
twice the refraCtion of the prifm, the angle aCb varies 
as RQ_ Hence the extent of the fcale for meafuring 
angles becomes the focal length of the objeCt glafs, 
and the angle meafured is in proportion to the diftance 
of the prifms from the principal focus of the objeCt 
^’Next col ’ ant * t ^ ie m ^ crometer can meafure all angles (very 

Par. lath *fmall ones excepted, for the reafon afterwards given* ) 
which do not exceed the fum of the refraCtions of the 
prifms ; for the angle aCb, the diameter of the object 
to be meafured, is always lefs than the angle aKb, the 
fum of the refraCtions of the prifms, except when the 
prifms touch' the objeCl glafs, and then they become 
equal. The fcale can never be out of adjuftment, as 
the point o, where the meafurement begins, anfwers 
to the focus of the object glafs, which is a fixed point 
for all diltant objeCts, and we have only to find the 
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value of the fcale anfwering to fome known angle : Microme. 
for inftance, bring the two limbs of the fun's images ter * 
into contadl, and meafure the diftance of the prifms 
from the focus, and look in the nautical almanac for 
the fun's diameter, and you get the value of the fcale. 

In fig. 8. the limb of the image Q £, is illumi- 
nated by the rays falling on the objeCl glafs between 
A and F, and of the image Q d by thofe falling be- 
tween B and G ; but in fig. 9. the fame limbs are il- 
luminated by the rays falling between B and F, A 
and G refpeClively, and therefore will be more illumi- 
nated than in the other cafe ; but the difference is not 
confiderable in achromatic telefcopes, on account of 
the great aperture of the objeCl-glafs compared with 
the diftance FG. 

It might be convenient to have two fets of prifms, 
one for meafuring angles not exceeding 36', and there- 
fore fit for meafuring the diameters of the fun and 
moon, and the lucid parts and di fiances of the cufps 
in their eclipfes ; and another for meafuring angles not 
much greater than 1', for the conveniency of meafu- 
ring the diameters of the planets. For as QC : QR : : 
fum of the refraCtions of the prifms : angle aCb, the 
apparent diameter of the objeCt, it is evident that if 
you diminifh the third term, you muft increafe the fe- 
cond in the fame ratio, in order to meafure the fime 
angle ; and thus by diminifhing the refradtive angle of 
the prifms, you throw them further from Q^and con- 
fequently avoid the inconvenience of bringing them 
near to Q^, for the reafon in the next paragraph ; and 
at the fame time you will increafe the illumination in 
a fmall degree. The prifms muft be achromatic, each 
compofed of two prifms of flint and crown glafs, 
placed with their refraCHng angles contrariways, other- 
wife the images will be coloured. 

In the conftruCtion here deferibed, the angle mea- 
fured becomes evanefeent when the prifms come to the 
principal focus of the objeCl: glafs, and therefore o 
on the fcale then begins : but if the prifms be placed 
in the principal focus they can have no effeCl, becaufe 
the pencil of rays at the junction of the prifms would 
then vanifh, and therefore it is not practicable to bring 
the two images together to get o on the fcale. I>r 
Mafkelyne, therefore, thought of placing another pair 
of prifms within, to refraCl the rays before they came to 
the other prifms, by which means the two images 
would be formed into one before they came to the 
principal focus, and therefore o on the fcale could 
be determined. But to avoid the error arifing from 
the multiplication of mediums, he, inftead of adding 
another pair of prifms, divided the objeCt glafs through 
its centre, and Aiding the fegments a little it feparated 
the images, and then by the prifms he could form one 
image very diftinCtly, and confequently could determine 
o on the fcale ; for by feparating the two fegments you 
form two images, and you will feparate the two pencils 
fo that you may move up the two prifms, and the two 
pencils will fall on each refpe&ively, and the two 
images may be formed into one. In the inftrument 
which Dr Mafkelyne had made, o on the fcale was 
chofen to be about . \ of the focal length of the objcCt- 

glafs, 
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appear to coincide : but if we increafe the refra&ive power of the eye, then each pencil is brought to a focus, 
and they crofs eaclr other before the rays come to the retina, confequently the two limbs on the retina will lap 
over ; and if. we diminifh the refra&ive power of the eye, then each pencil being brought to a focus beyond 
the retina, and not crofting till after they have pafted it ; the two limbs on the retina muft be feparated. 


/ 
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Micromc- glafs, and each prifm refracted 27'. By this means all 
ter * angles are meafured down to o. 

j n the Philofophical TranfaCtions for 1779? Mr 
Ramfden has defcribed two new micrometers, which 
he contrived with a view of remedying the defeCts of 
the objeCt-glafs micrometer. 

1. One of thefe is a catoptric micrometer, which, 
bdide the advantage it derives from the principle of 
reflexion, of not being difturbed by the heterogeneity 
of light, avoids every defeCt of other micrometers, 
and can have no aberration, nor any defeat arifing 
from the imperfeCtion of materials or of execution ; 
as the extreme fimplicity of its conffruCtion requires 
no additional mirrors or glades to thofe required for 
the telefcope ; and the feparation of the image being 
effected by the inclination of the two fpecula, and not 
depending on the focus of any lens or mirror, any al- 
teration in the eye of an obferver cannot affeCt the 
angle meafured. It has peculiar to itfelf the advan- 
tages of an adjuftment, to make the images coincide 
in a direction perpendicular to that of their motion ; 
and alfo of meafuring the diameter of a planet on both 
tides of the zero, which will appear no inconfiderable 
advantage to obfervers who know how much eafier it 
is to afcertain the contact of the external edges of two 
images than their perfeCt coincidence. 

Fig. 10. A reprefents the fmall fpeculum divided into two 
equal parts ; one of which is fixed on the end of the 
arm B ; the other end of the arm is fixed on & fteel 
axis X, which croffes the end of the telefcope C. The 
other half of the mirror A is fixed on the arm D, 
which arm at the other end terminates in a focket^y, 
that turns on the axis X ; both arms are prevented 
from bending by the braces a a. G reprefents a double 
fcrew, having one part e cut into double the number 
of threads in an inch to that of the part g : the part 
e having 100 threads in one inch, and the part g 50 
only. The fcrew e works in a nut F in the fide of 
the telefcope, while the part g turns in a nut H, 
which is attached to the arm B ; the ends of the arms 
B and D, to which the mirrors are fixed, are fepa- 
rated from each other by the point of the double 
fcrew prefiing againft the find h 9 fixed to the arm D, 
and turning in the nut H on the arm B. The two 
arms 13 and D are prefled againft the direction of the 
double fcrew eg by a fpiral fpring within the part n 9 
by which means all ffiake or play in the nut H, on 
which the meafure depends, is entirely prevented. 

From the difference of the threads on the fcrew at 
e and g 9 ir. is evident, that the progrcflive motion of the 
fcrew through the nut will be half the diftance of the 
feparation of the two halves of the mirror; and confe- 
quently the half mirrors will be moved equally 
in contrary directions from the axis of the tele- 
fcope C. 

The wheel V fixed on the end of the double fcrew 
has its circumference divided into 100 equal parts, 
and numbered at every fifth divifion with to, &c. 
to ico, and the index I fliows the motion of the fcrew 
with the wheel round its axis, while the number of 
revolutions of the fcrew is fhown by the divilions on 
the. fame index. The fteel fcrew at R may be turned 
by the key S, and ferves to Incline the fmall mirror at 
right angles to the direction of its motion. By 
turning the finger-head T (fig. 11.), the eye-tube Pis 


brought nearer or farther from the fmall mirror, to Microme* 
adjuft the telefcope to diftinCt vifion ; and the tele- , tcl * f 
fCope itfelf hath a motion round it axis for the con- T 
veniency of meafuring the diameter of a planet in any 
direction. The inclination of the diameter meafured 
with the horizon is (hown in degrees and minutes by a 
level and vernier on a graduated circle, at the breech 
of the telefcope. 

“ It is neceflary to obferve (fays Mr Ramfden), 
that, befides the table for reducing the revolutions and 
parts of the fcrew to minutes, feconds, &c. it may 
require a table for correcting a very fmall error which 
arifes from the excentric motion of the half-mirrors. 

By this motion their centres of curvature will (when 
the angle to be meafured is large) approach a little 
towards the large mirror : the equation for this pur- 
pofe in fmall angles is infenfible ; but when angles to 
be meafured exceed ten minutes, it fliould not be ne- 
gieCted. Or, the angle meafured may be corrected 
by diminifhing it in the proportion the verfed fine of 
the angle meafured, fuppofing the eccentricity radius, 
bears to the focal length of the fmall mirror.” 

Mr Ramfden preferred Caflegrain’s conftruCtion of 
the reflecting telefcope to either the Gregorian or 
Newtonian ; becaufe in the former, errors caufed by 
one fpeculum are diminifhed by thofe in the other. 

From a property of the reflecting telefcope (which, 
he ob ferves, has not been attended to), that the aper- 
tures of the two fpecula are to each other very nearly 
in the proportion of their focal lengths, it follows, that 
their aberrations will be to each other in the fame pro- 
portion ; and thefe aberrations are in the fame direc- 
tion, if the two fpecula are both concave ; or in con- 
trary directions, if one fpeculum is concave and the 
other convex. In the Gregorian conftruCtion, both 
fpecula being concave, the aberration at the fecond 
imagQf will be the fum of the aberrations of the two 
mirrors ; but in the Caflegrain conftruCtion, one mir- 
ror being concave and the other convex, the aber- 
ration at the fecond image will be the difference be- 
tween their aberrations. By afluming fuch propor- 
tions for the foci of the fpecula as are generally ufed 
in the reflecting telefcope, which is about as 1 to 4, 
the aberration in the Caflegrain conftruCtion will be 
to that in the Gregorian as 3 to 5. 

, 2. The other is a dioptric micrometer, or one fuited 
to the principle of refraCtion. This micrometer is ap- 
plied to the ereCt eye-tube of a refraCting telefcope, 
and is placed in the conjugate focus of the firft eye- 
glafs: in which pofition, the image being confiderably 
magnified before it comes to the micrometer, any im- 
perfection in its glafs will he magnified only by the re- 
maining eye-glafles, which in any telefcope feldom ex- 
ceeds five or fix times. By this pofition alfo the fize 
of the micrometer glafs will not be the -*-•£- o’ part of 
the area which would be required if it was placed in 
the objeCt-glafs ; and, notwithftanding this great dif- 
proportion of fize, which is of great moment to the 
praCtical optician, the fame extent of fcale is preferved, 
and the images are uniformly bright in every part of 
the field of the telefcope. 

Fig. 12. reprefents the glafies of a refraCting tele- ^ Plate 
fcope; xy 9 the principal pencil of rays from the ohiect-^^^** 
glafs 0 } t t and u u 9 the axis of two obliq'ue pencils , 
a 9 the firft eye-glafs ; m 9 its conjugate focus, or the 
4T 2 place 


- place of the micrometer; b the fecond eye-glafs; cthe 
third ; and d the fourth, or that which is neared the 
eye. Let f> be the diameter of the objfd-glafs, c the 
diameter of a pencil at m y and /’the diameter of the 
pencil at the eye ; it is evident, that the axis of the 
pencils from every part of the image will crofs each 
other at the point m; and e, the width of the micro- 
meter-glafs, is to p the diameter of the obje6b'-glafs as 
m a is to g o 9 which is the proportion of the magnify- 
ing power at the point m ; and the error cauled by an 
imperfection in the micrometer -glafs placed at m will be 
to the error, had the micrometer been ac O, as m is to p. 

Fig. » 3. reprefents the micrometer; A, a convex or 
concave lens divided into two equal parts by a plane 
acrofs its centre ; one of thefe femi-lenfes is fixed in 
a frame B, and the other in the frame E ; which 
two frames Hide on a plate H, and are prrffed againd 
it by thin plates a a : the frames B and E are moved 
in contrary directions by turning the button D ; L is 
a fcale of eqital parts on the frame B ; it is numbered 
from each end towards the middle with 10, 20, See . 
r I here are two verniers on the frame E, one at Ivl 
and the other at N, for the convenience of mea Turing 
the diameter of a planet, &c. on both Tides the zero. 
The firft divifion on both thefe verniers coincides at 
the fame time with the two zeros on the fcale L; and, 
if the frame is moved towards the right, the relative 
motion of the two frames is fliown on the fcale L 
by the vernier 'M ; but if the frame B be moved to- 
wards the left, the relative motion is fhown by the ver- 
nier N. — This micrometer has a motion round the 
axis of vifion, for the convenience of meafuiing the 
diameter of a planet, &c. in any dire 61 ion, by turn- 
ing an endlefs ferew F ; and the inclination of the 
diameter mewfured with the horizon is fhown on the 
circle g by a vernier on the plate V. The telefcope 
may be adj lifted to diftin6t vifion by means of an ad- 
juft ing ferew, which moves the whole eye*tube with 
the micrometer nearer or farther from the obje6l-glafs, 
as telefcopes are generally made ; or the fame effe6l 
may be produced in a better manner, without moving 
the micrometer, by ftiding the part of the eye tube vi 
on the part /?, by help of a ferew or pinion. The 
micrometer is made to take off occafionally from the 
eye tube, that the telefcope may be ufed without it. 

Still, however, micrometers remained in feveral re- 
fpe6bs imperfed. In particular, the imperfe&ions of the 
parallel-wire micrometer in taking the diftance of very 
clofe double ftars, are the following. 

When two ftars are taken between the parallels, the 
diameters muft be included Mr Herfcbel informs us, he 
has in vain attempted to find lines fufficrently thin to ex- 
tend them acrofs the centres of the ftars fo that their 
thicknefs might be negletbed. The fingle threads of the 
filk- worm, with fuch lenfes as he ufes, are fo much mag- 
nified that their diameter is more than that of many of 
the ftars. Beiides, if they were much lefs than they are, 
the power of defledlion of light would make the attempt 
to meafure the diftance of the centres this way fruitlefs: 
for he has always found the light of the ftars to play 
upon thofe lines and feparate their apparent diameters 
into tw'O parts. Now fince the fptirious diameters of.the 
liars thus included, as Mr. Flerfchel affures us, are 
continually changing according to the ftate of the air ? 


and the length of time we look at them, we are, in MiVome- 
fome refped, left at an uncertainty, and our meafurcs ter ’ 
taken at different times and with different degrees of mujJ . 
attention, u ill vary on that account. Nor can we come 
at the true diftance of the centres of any two ftan?, 
one from another, unlefs we could tell w'hat to allow 
for the femidiameters of the ftars themfelves ; for dif- 
ferent ftars have different apparent diameters, which, 
with a power of 227, may differ from each other as far 
as two fecond s. 

*1 he next imperfedion is that which arifes from a 
defledbion of light upon the wires when they approach 
very near to each other ; for if this be owing to a 
power of repulfion lodged at the furface, it is eafy to 
underftand, that fuch powers muft interfere with each 
other, and give the meafures larger in proportion than 
they would have been if the repullive power of one 
wire had not been oppofed by a contrary power of the 
other wire. 

Another very coniiderable imperfe&ion of thefe 
micrometers is a continual uncertainty of the real zero. 

Mr Flerfchel has found, that the leaft alteration in the 
lituation and quantity of light will affe6b the z^rg, and 
that a change in the pofition of the wires, when the 
light and other circumftances remain unaltered, wall 
alfo produee a difference. To obviate this difficulty, 

'whenever he took a meafure that required the utmoft 
accuracy, his zero was always taken immediately af- 
ter, while the apparatus remained in the fame fitua- 
tion it was in when the meafure was taken ; but this 
enhances the difficulty, becaufe it introduces an addi- 
tional obfervation. 

The next imperfedbion, which is none of the fmall- 
eft, is that every micrometer that has hitherto been in 
ufe requires either a ferew, or a divided bar and pinion, 
to meaiure the diftance of the wires or divided image. 

Thofe who are acquainted with works of this kind are 
but too fenfible how difficult it is to have ferews that 
ftiall be perfe6lly equal in every thread or revolution 
of each thread ; or pinions and bars that fhall be fo 
evenly divided as perfedbly to be depended upon in every 
leaf and tooth to perhaps the two, three, or four thou- 
fandth part of an inch : and yet, on account of the 
fmall fcale of thofe micrometers, thefe quantities are 
of the greateft confequence ; an error of a fingle thou- 
fandth part inducing in mod inftruments a miftake of 
feveral feconds. 

The laft and greateft imperfe6bion of all is, that thefe 
wire micrometers requite a pretty ftrong light in the 
field of view' ; and when Mr Herfchel had double ftars 
to meafure, one of which was very obfeure, he W'as 
obliged to be content with lefs light than is neceffary 
to make the wires perfe6bly diftindb ; and feveral liars 
on this account could not be meafured at all, though 
otherwfife not too clofe for the micrometer. 

Mr Herfchel, therefore, having long had much oc- 
cafion for miciometers that would meafure exceeding 
fmall diftances exa6bly, w'as led to bend his attention 
to the improvement of thefe inftruments ; and the re- 
fult of his endeavours has been a very ingenious in- 
ftrument called a lamp-micrometer , which is not only 
free from the imperfe6tions above fpeeified, but alfo 
poffeffes the advantages of a very large fcale. This in- 
ltrument is deferibed in the Philofophical Tranfadions 
for 1782 5 and the conftrudion of it is as follows : 
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Mierome- ABGCFE (fig. 14.) 1*8 a ftand nine feet high, upon 
ter. which a femictrcular board qhogp is moveable upwards' 
v or downwards, in the manner of fome fire-fcreens, as 
occafion may require, and is held in its lituation by a 
pt?g /> put into any one of the holes of the upright 
piece -.B 'I his board is a fegment of a circle of 
fourteen inches radius, and is about three inches 
broader than a femicircle, to give room for the 
handles rD, eP, to work. The ufe of this board is 
to carry an arm L, thirty inches long, which is made 
to move upon a pivot at the centre of the circle, by 
means of a firing, which pafles in a grcove upon the 
edge of the femicircle pgohq ; the firing is fafiened to 
a hook at 0 (not exprefled in the figure, being at the 
back of the arm L and palling along the groove from 
oh to q is turned over a pulley at 7, and goes down to 
a fmall barrel e, within the plane of the circular board, 
where a double-jointed handle e P commands its mo- 
tion. By this contr ivance, we fee, the arm L may be 
lifted up to any altitude from the horizontal pofition 
to the perpendicular, or be fuffered to defcend by 
its own weight below the horizontal to the reverfe 
perpendicular lituation. The weight of the handle P 
is fufiicient to keep the arm in any given pofition ; 
but if the motion fhould be too eafv, a fri&ion fpring 
applied to the barrel will moderate it at pleafure. 

In front of the arm L a fmall Aider, about three 
inches long, is moveable in a rabbet from the end L 
towards the centre backwards and forwards. A firing 
is fafiened to the left fide of the little Aider, and goes 
towards L, where it pafies round a pulley at m> and 
returns under the arm from m y n f towards the centre, 
where it is led in a groove on the edge of the arm, 
which is of a circular form, upwards to a barrel 
(raifed above the plane of the' circular board) at r, 
to which the handle rD is fafiened. A fecond firing 
is -fafiened to the Aider, at the right Ade, and goes to- 
wards the centre, where it paAes over a pulley n; and 
the weight which is fufpended by the end of this 
firing, returns the Aider towards the centre, when a 
contrary turn of the handle permits it to a dl. 

By a and b are reprefented two fmall lamps, two 
inches high, 1 \ in breadth by in depth. The Tides, 
back, and top, are made fo as to permit no light to be 
feen, and the front confifts of a thin brafs Aiding door. 
The Aame in the lamp a is placed three-tenths of an inch 
from the left fide, three-tenths from the front, and half 
an inch from the bottom. In the lamp b it is placed at 
the fame height and difiance, meafuring from the right 
fide. The wick of the Aame confifis only of a Angle 
very thin lamp cotton-thread ; for the fmallefi flame 
being fufficient, it is eafier to keep it burning in fo 
confined a place. In the top of each lamp muft be a 
little Ait lengthways, and alfo a fmall opening in one 
fide near the upper part, to permit air enough to cir- 
culate to feed the Aame. To prevent every refle&ion 
of light, the fide opening of the lamp a fiiould be to 
the right, and that of the lamp b to the left. In the 
Aiding door of each lamp is made a fmall hole with 
the point of a very fine needle juft oppofite the place 
where the wicks are burning, fo that when the Aiders 
are Aiut down, and every thing dark, nothing fliall be 
feen but two fine lucid points of the fize of two ftars 
of the third or fourth magnitude. The lamp a is 
placed fo that its lucid point may be in the centre of 
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the circular board where it remains fixed. The lamp 
b is hung to the ’ft tie Aider which moves in the rabbet 
of the arm, fo that its iucid point, in an horizontal 
pofition of the arm, may be on a level with the lucid 
point in the centre. The moveable lamp is fufpended 
upon a piece of brafs fafiened to the Aider by a pin 
exactly behind the flame, upon which it moves as a pi- 
vot. The lamp is balanced at the bottom by a leaden 
weight, fo as always to remain upright, when the arm 
is either lifted above or deprefled below the horizon- 
tal pofition. The double-jointed handles rD, eP, con- 
fift of light deal rods, ten feet long, and the loweil of 
them may have divilions, marked upon it near the end 
P, exprefling exarvly the difiance from the central lu- 
cid point in feet, inches, and tenths. 

From this confiru&ion we fee, that a perfon at a 
di fiance of ten feet may govern the two lucid points, 
fo as to bring them into any required pofition fouth or 
north preceding or following from o to 90° by ufing 
the handle P, and alfo to any difiance from fix-tenths 
of an inch to live or Ax and twenty inches by means 
of the handle D. if any reflection or appearance of 
light fiiould be left from the top or fides vfi the lamps, 
a temporary fereen, confifiing of a long piece of pafte- 
board, or a wire frame covered with black cloth, of 
the length of the whole arm, and of any required 
breadth, with a flit of half an inch broad in the middle, 
may be affixed to the arm by four bent wires projedt- 
ing an inch or two before the lamps, lituated fo that 
the moveable lucid point may pafs along the opening 
left for that purpofe. 

Fig. 1 5. reprefents part of the arm L, half the real 
fize ; S the Aider ; m the pulley, over which the cord 
xtyz is returned towards the centre; v the other cord 
going to the pulley n of fig. 14. R the brafs piece 
moveable upon the pin c , to keep the lamp upright. 
At B is a wire rivetted to the brafs piece, upon which 
is held the lamp by a nut and ferew. Fig. 16. 17. re- 
prefent the lamps a, b , with the Aiding doors open, 
to Aiow the fituation oi the wicks. W is the leaden 
weight with a hole d in it, through which the wire R. 
of fig. 15. is to be palled when the lamp is to be faft. 
cned to the Aider S. Fig. 18. reprefents the lamp a 
with the Aiding door fliut ; / the lucid point ; and ih 
the openings at the top, and s at the fides, for the ad- 
miffion of air. 

“ Every ingenious artifi (fays Mr Herfchel) will 
foon perceive, that the motions of this micrometer are 
capable of great improvement by the application of 
wheels and pinions, and other well known mechanical 
refources ; but as the principal objedf is only to be 
able to adjufi the two lucid points to the required po- 
fition and difiance, and to keep them there for a few 
minutes, while the obferver goes to meafure their dif- 
tance, it will not be necefiary to fay more upon the 
fubjedt. 

“ I am now to Aiow the application of this infiru- 
ment. It is well known to opticians and others who 
have been in the habit of ufing optical inltruments, 
that we can with one eye look into a microfcope or te- 
lefcope, and fee an objeft much magnified, while the 
naked eye may fee a fcale upon which the magnified 
pi&ure is thrown. In this manner I have generally 
determined the power of my telefcopes ; and any one 
who has acquired a facility of taking fuch obfervations 

will 
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Micronic- will very feldom miftake fo much as one in fifty in de- 

f termining the power of an inftrument, and that degree 

of exadlnefs is fully fufficient for the purpofe. 

“ The Newtonian form is admirably adapted to the 
ufe of this micrometer ; for the obferver Hands always 
erect, and looks in a horizontal direction, notwith- 
ftanding the telefcope fliould be elevated to the zenith. 
Befides, his face being turned away from the object 
to Which his telefcope is directed, this micrometer may 
be placed very conveniently without caufing the lead: 
obftrudlion to the view : therefore, when I ufe this 
inftrument, I put it at ten feet diftance from the left 
eye, in a line perpendicular to the tube of the tele- 
fcope, and raife the moveable board to fuch a height 
that the lucid point of the central larhp may be upon 
a level vrith the eye. ‘The handles, lifted up, are paf- 
led through two loops faftened to the tube, juft by the 
obferver, fo as to be ready for his ufe. I fhould ob- 
ferve, that the end of the tube is cut away, fo as to 
leave the left eye entirely free to fee the whole micro- 
meter. 

“ Having now directed the telefcope to a double 
ftar, I view it with the right eye, and at the fame 
time with the left fee it projedled upon the microme- 
ter : then, by the handle P, which commands the po- 
fition of the arm, I raife or deprefs it fo as to bring 
the two lucid points to a fimilar fituation with the two 
liars ; and, by the handle D, I approach or remove 
the moveable lucid point to the fame diftance of the 
two ftars, fo that the two lucid points may be exact- 
ly covered by or coincide with the ftars. A little 
practice in this bufinefs foon makes it eafy, efpecially 
to one who has already been ufed to look with both 
eyes open. 

“ What remains to be done is very fimple. With 
a proper rule, divided into inches and fortieth parts, 
1 take the diftance of the lucid points, which may be 
done to the greateft nicety, becaufe, as I obferved be- 
fore, the little holes are made with the point of a very 
fine needle. The meafure thus obtained is the tangent 
of the magnified angle under which the ftars are feen 
to a radius of ten feet ; therefore, the angle being 
found and divided by the power of the telefcope gives 
the real angular diftance of the centres ot a double ftar. 

a For inftance, September 25, 1781, I meafured 
« Herculis with this inftrument.. Having earned the 
two lucid points to coincide exadlly with the ftars 
centre upon centre, I found the radius or diftance of 
the central lamp from the eye to feet 4. 15 inches; the 
tangent or diftance of the two lucid points 50.6 for- 
tieth parts of an inch ; this gives the magnified angle 
35', and dividing by the power 460, which I ufed, we 
obtain 4" 34"' for the diftance of the centres of the two 
ftars. The fcale of the micrometer at this very conve- 
nient diftance, with the power of 460 (which my te- 
lefcope bears fo well upon the fixed ftars that for near 
a twelvemonth paft I have hardly tifed any other), is 
above a quarter of an inch to a fecond ; and by put- 
ting on my power of 932, which in very fine evenings 
is extremely diftindl, I obtain a fcale of more than half 
an inch to a fecond, without increafing the diftance of 
the micrometer ; whereas the moft perfedl of my for- 
mer micrometers, with the fame inftrument, had a fcale 
of lefs than the two thoufandth part of an inch to a 
fecond. 
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“ The meafures of-this micrometer are not confined Micromc^ 
to double ftars only, but may be applied to any other ter * 
objects that require the utmoft accuracy, fuch as the * ""'4 
diameters of the planets or their fatellites, the moun- 
tains of the rfioon, the diameters of the fixed ftars, See, 

“ For inftance, O&ober 22. 1781, I meafured the 
apparent diameter of « Lyras ; and judging it of the 
greateft importance to increafe my. fcale as much a9 
convenient, I placed the micrometer at the greateft: 
convenient diftance, and (with fome trouble, for want 
of longer handles, which might eafily be added) took 
the diameter of this ftar by removing the two lucid 
points to fuch a diftance as juft to enclofe the apparent 
diameter. When I meafured my radius, it was found 
to be twenty-two feet fix inches. The diftanoe of the 
two lucid points was about three inches, for I will not 
pretend to extreme nicety in this obfervation, on ac- 
count of the very great power I ufed, which was 
6450. From thefe meafures we have the magnified 
angle 38' to" 1 this divided by the power gives o'. 355 
for the apparent diameter of * Lyras. The fcale of 
the micrometer, on this occafion, was no lefs than 
8.443 inches to a fecond, as will be found by multi- 
plying the natural tangent of a fecond with the power 
and radius in inches. 

“ November 28. 1781, I meafured the diameter of 
the new ftar ; but the air was not very favourable, for 
this lingular ftar was not fo diftiudl with 227 that even- 
ing as it generally is with 460 : therefore, without 
laying much ft refs upon the exadlnefs of the obferva- 
tion, I lhall only report it to exemplify the «fe of the 
micrometer. My radius was 35 feet 11 inches. The 
diameter of the ftar, by ,the diftance of the lucid points, 
was 2.4 inches, and the power I ufed 227 : hence the 
magnified angle is found 19', and the real diameter of 
the ftar 5". 022. The fcale of this meafure .474 mil- 
lcfimals of an inch, or almoft half an inch to a fecond*’ > 

In the Phitofophical Tranfadlions for 1791, a very 
fimple micrometer for meafuring fmall angles with the 
telefcope is defer ibed by Mr Cavallo ; who introdu- 
ces his defeription with the following obfervations 
upon the different forts of telefcopical micrometers in 
ufe. “ Thefe inftruments may be divided into two 
claffes ; namely, thofe which have not, and thofe which 
have, fome movement amongft their parts. The mi- 
crometers of the former fort confift moftly of fine 
wires or hairs, varioufiy difpofed, and fituated .within 
the telefcope, juft where the image of the objedt is 
formed, in order to determine an angle with thofe 
micrometers, a good deal of calculation is generally 
required. The micrometers of the other fort, of which 
there is a great variety, fome being made with move- 
able parallel wires, others with prifms, others again 
with a combination of lenfes, and fo on, are more*or 
lefs fubjedl to feveral inconveniencies, the principal of 
which are the following, t. Their motions generally 
depend upon the a&ion of a ferew; and of courfe the 
imperfedlions of its threads, and the greater or lefs 
quantity of loft motion, which is obfervable in mo- 
ving a ferew, efpecially when fmall, occafion a con- 
fiderable error in the meniuration of angles. 2. Their 
complication and bulk renders them difficultly appli- 
cable to a variety of telefcopes, efpecially to the 
pocket ones. 3. They do not meafure the angle with- 
out fome lofs of time, which is neceffary to turn the 

t ferew, 
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M'cromc- fcrew, or to move fome other mechanifm. 4. and 
laftly, They are confklerably expenfive, fo that fomc 
,_l v of them coil even more than a tolerably good tele- 
fcopeT 

After having had long in view (our author informs 
us) the conftrudion of a micrometer which might 
be in part at lead, if not entirely, free from all thofe 
objedicns ; he, after various attempts, at laft fuc- 
ceeded with a fimple contrivance, which, after re- 
peated trials, has been found to anfwer the defired 
end, not only from his own experience, but from that 
alfo of feveral friends, to whom it has been communi- 
cated. 

This micrometer, in fliort, confifts of a thin and 
narrow flip of mother-of-pearl finely divided, and fitu* 
ated in the focus of the eye-glafs of a telefcope, juft 
where the image of the objed is formed. It is imma- 
terial whether the telefcope be a refiador or a reflec- 
tor, provided the eye-glafs be a convex lens, and not 
a concave one as in the Galilean conftrudion. 

The fimpleft way of fixing it is to flick it upon 
the diaphragm which generally {lands within the 
tube and in the focus of the eye-glafs. When thus 
fixed, if you look through the eye-glafs, the divifions 
of the micrometrical fcale will appear very diftind, 
unlefs the diaphragm is not exadiy in the focus ; in 
which cafe, the micrometrical fcale muft he placed 
exadiy in the focus of the eye-glafs, either by pufh- 
ing the diaphragm backwards or forwards, when that 
is pradicable ; or elfe the fcale may be eafily removed 
from one or the other furface of the diaphragm by 
the interpofition of a circular piece of paper or card, 
or by a bit of wax. This conftrudion is fully fuffi- 
cient, when the telefcope is always to be ufed by the 
fame perfon ; but when different perfons are to ufe it, 
then the diaphragm which fupports the micrometer 
muft be conftruded fo as to be ealily moved backwards 
or forwards, though that motion needs not be greater 
than about a tenth or an eighth of an inch. This is 
neceffary, becaufe the diftance of the focus of the 
fame lens appears different to the eyes of different 
perfons ; and, therefore, whoever is going to ufe the 
telefcope for the menfuration of any angle, muft firft 
of all unferew the tube which contains the eye-glafs 
and micrometer from the reft of the telefcope, and, 
looking through the eye-glafs, muft place the micro- 
meter where the diviiions of it may appear quite di- 
llind to his eye. 

I11 cafe that any perfon fhould not like to fee al- 
ways the micrometer in the field of the telefcope, then 
the micrometrical fcale, inftead of being fixed to the 
diaphragm, may be fitted to a circular perforated 
plate of brafs, wood, or even paper, which may be. 
occalionally placed upon the faid diaphragm. 

Mr Cavallo has made feveral experiments to deter- 
mine the moft ufeful fubftance for this micrometer. — 
Glafs, which he had fuccefsfully applied for a fimilar 
purpofe to the compound micro fcr.pe, feemed at firft 
to be the moft promifing ; but it was at laft rejeded 
after feveral trials : for the divifions upon it generally 
are either too fine to he perceived, or too rough ; and 
though with proper care and attention the divifions 
may be proportioned to the fight, yet the thicknefs 
of the glafs itfelf obftruds in fome meafure the diftind- 


view of the objed. Ivory, horn, and wood, were Mkroms- 
found ufelcfs for the conftrudion of this micrometer, tcr * 
on account of their bending, fwelling, and contrac- ^ 

ting very eafily ; whereas mother-of-pearl is a very 
fteady fubftance, the divifions upon it may be marked 
very eafily, and when it is made as thin as common 
writing paper it has a very ufeful degree of tranfpa* 
rency. 

Fig. 19. exhibits this micrometer fcale, but (hows 
it four times larger than the - real fize of one, which 
he has adapted to a three-feet achromatic telefcope 
that magnifies about 84 times.- It is fomething lefs than 
the 24th part of an inch broad ; its thicknefs is equal 
.to that of common writing-paper ; and the length of 
it is determined by the aperture of the diaphragm, 
which limits the field of the telefcope. The divifions 
upon it are the 200ths of an inch, which reach from 
one edge of the fcale to about the middle of it, ex- 
cepting every fifth and tenth divifion, which are 
longer. The divided edge of it paffes through the 
centre of the field of view, though this is not a necef- 
fary precaution in the conftrudion of this micrometer. 

Two divifions of the above deferibed fcale in my tele- 
fcope are very nearly equal to. one minute; and as a 
quarter of one of thofe divifions may be very well di- 
ftinguifhed by eftimation, therefore an angle of one 
eighth part of a minute, or of 7 '4-, may be meafured 
with it. 

When a telefcope magnifies more, the divifions of 
the micrometer muft be more minute ; and Mr Ca- 
vallo finds, that when s the focus of the eye-glafs of the 
telefcope is Ihorter than half an inch, the micrometer 
may be divided with the 5ooths of an inch ; by 
means of which, and the telefcope magnifying about 
200 times, one may eafily and accurately meafure an 
angle fmaller than half a fecond. On the other hand, 
when the telefcope does not magnify above 30 times, 
the divifions need not be fo minute : for inftance, in 
one of Dollond’s pocket telefcopes, which when drawn 
out for ufe is about 14 inches long, a micrometer with 
the hundredths of an inch is quite fufficient, and one 
of its divifions is equal to little lefs than three mi- 
nutes, fo that an angle of a minute may be meafured 
by it. 

“In looking through a telefcope furniflied with 
fuch a micrometer (fays our author), the field of view 
appears divided by the micrometer fcale, the breadth 
of which occupies about one-feventh part of the aper- 
ture and as the fcale is femitranfparent, that part of 
the objed which happens to be behind it may be dis- 
cerned Efficiently well to afeertain the divifion, and 
even the quarter of a divifion, with which its borders 
coincide. Fig. 20. fhows the appearance of the field 
of my telefcope with the micrometer, when directed 
to the title page of the Philofophical Tranfadions, 
wherein one may obferve that the thicknefs of the 
letter C is equal to three-fourths of a divifion, the 
diameter of the Cl is equal to three divifions, and 
fo on. 

“ At firft view, one is apt to imagine, that it is dif- 
ficult tp count the divifions which may happen to co- 
ver or to meafure an objed ; but upon trial it will be 
found, that this is readily performed ; and even people 
who have -never been ufed to obferve with the tele- - 
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IVIicrome- fcope, foon learn to meafure very quickly and accu- of three. 

, ter ’ rately with this nfcrometer ; for fince every fifth and 
tenth divifion is longer than the red, one foon acquires 
the habit of faying, five, ten, fifteen ; and then, by 
adding the other divifions lefs than five, completes 
the reckoning. Even with a telefcope which has no 
Hand, if the objedt end of it be refted againft a fteady 
place, and the other end be held by the hand near 
the eye of the obferver, an objedf may be meafured 
with accuracy fufficient for feveral purpofcs, as for the 
eftimation of ‘fmall diftances, for determining the 
height of a houfe, &e. 

6i After having conftrudfed and adapted this micro- 
meter to the telefcope, it is then neceffary to afcer- 
tain the value of the divifions. It is hardly neceffary 
to mention in this place, that though thofe divifions 
xneafure the chords of the angles, and not the angles 
or arches themfelves, and the chords are not as the 
arches, yet it has been fhown by all the trigonome- 
trical writers, that in fmall angles the chords, arches, 
fines, and tangents, follow the fame proportion fo 
very nearly, that the very minute difference may be 
fafdy negledted : fo that if one divifion of this micro- 
meter is equal to one minute, we may fafdy conclude, 
that two divifions are equal to two minutes, three di- 
vifions to three minutes, and fo on. There are vari- 


M I C 

Thus, fuppofe that the diameter of the lun M'crnme- 
feen through the fame telefcope, be found equal to 
12 divifions, fay as 1 divifions are to 30 minutes, 

1 2 X 20 r \ , , . . 

— 2 — ) 31 .3, which is tne 

i.c / 


fo are 12 divifions to 


0 


ous methods of afcertaining the value of the divifions 
of fuch a micrometer, they being the very fame that 
are ufed for afcertaining the -value of the divifions in 
other micrometers. Such are, the pafiage of an equa- 
torial ftar over a certain number of divifions in a cer- 
tain time; or the meafuring of the diameter of the fun, 
by computation from the focal diftance of the objedt 
and other lenfes of the telefcope ; the laft of which, 
however, is fubje& to feveral inaccuracies ; but as 
they are well known to agronomical perfons, and 
have been deferibed in many books, they need not 
be farther noticed here. However, for the fake of 
workmen and other perfons not convcrfant in aftro- 
iiomy, I fiiall deferibe an eafy and accurate method of 
afcertaining the value of the divifions of the micro- 
meter. 

“ Mark upon a wall or other place the length of 
fix inches, which may be done by making two clots 
^or lines fix inches afunder, or by fixing a fix-inch ru- 
ler upon a (land ; then place the telefcope before it 
fo that the ruler or fix-inch length may be at right 
angles with the dire&ion of the telefcope, and juft 57 
feet 3^ inches diftant from the ohjedt-glafs of the 
telefcope : this done, look through the telefcope at 
the ruler or other extenfion of fix inches, and obferve 
how many divifions of the micrometer are equal to 
it, and that fame number of divifions is equal to half 
a degree, or 30' ; and tills is all that needs be done 
for the required determination ; the reafon of which 
is, becaufe an extenfion of fix inches fubtends an 
angle of 30' at the diftance of 57 feet 3^ inches, as 
may be eafily calculated by the rules of plane trigo- 
nometry. 

“ In one of Dollond’s 14-inch pocket telefcopes, 
if the divifions of the micrometer be the hundredths of 
an inch, 1 1-| of thofe divifions will be found equal to 
30', or 23 to a degree. When this value has been 
once afeertained, any other angle meafured by any 
other number of divifions is determined by the rule 


required diameter of the fun. 

“ Notwithftanding the facility of this calculation, a 
fcale may be made anfwering to the divifions of a 
micrometer, which will fiiow the angle correfponding 
to any number of divifions to mere infpedlion. Thus, 
for the above-mentioned fmall telefcope, the fcale is 
reprefented in fig. 21. AB is a line drawn at plea- 
fure ; it is then divided into 23 equal parts, and thofe 
divifions which reprefent the divifions of the micro- 
meter that are equal to one degree, are marked on 
one fide of it. The line then is divided again into 
6 o equal parts, which are marked on the other fide 
of it ; and thefe divifions reprefent the minutes which 
correfpond to the divifions of the micrometer : thus 
the figure (hows, that fix divifions of the micrometer 
are equal to 15I- minutes, 1 1^ divifions are nearly 
equal to 29 minutes, &c. What has been faid of mi- 
nutes may be faid of feconds alio, when the fcale is 
to be applied to a large telefcope. 

“ Thus far this micrometer and its general ufe have 
been fufiiciently deferibed ; and mathematical perfons 
may eafily apply it to the various purpofes to which 
micrometers have been found fubfervient. But as the 
fimplicity, cheapnefs, and at the fame time the accu- 
racy of this contrivance, may render the ufe of it much 
more general than that of any other micrometer ; and 
I may venture to fay, that it will be found very ufe- 
ful in the army, and amongft fea-faring people, for 
the determination of diftances, heights, &c. ; I fhall 
therefore join fome practical rules to render this mi- 
crometer ufeful to perfons unacquainted with trigo- 
nometry and the ufe of logarithms. 

“ Problem 1 . The angle, not exceeding one degree, 
which is fubtended by an extenfion of one foot, being 
given, to find its diftance from the place of obferva- 
tion. N. B. This extenfion of one foot, or any other 
which may be mentioned hereafter, muft be perpendi- 
cular to the direction of the telefcope through which 
it is obferved. The diftances are reckoned from the 
objedl-glafs of the telefcope; and the anfwers obtained 
by the rules of this problem, though not exadlly true, 
are however fo little different from the truth, that the 
difference feldom amounts to more than two or three 
inches, which may be fafely neglected. 

“ Rule 1. If the angle be expreffed in minute 3 , 
fay, as the given angle is to 60, fo is ^ 87.55 to a 
fourth proportional, which gives the anfwer in inches. 
— 2. If the angle be expreffed in feconds, fay, as 
the given angle is to 360 ;, 1b is 687.55 to a fourth 
proportional, which exprefles the anfwer in inches. 
— 3. If the angle be expreffed in minutes and fe- 
conds, turn it all into feconds, and proceed as a- 
bove. 

“ Example. At what dill a nee is a globe of one 
foot in diameter when it fubtends an angle of two 
feconds ? 

2:3600 :: 687,55 : ^ ODX68 ? — = 1237590 

inches, or 1C3132I feet, which is the anfwer required. 

1 This 
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« This calculation maybe Shortened ; Tor fmce two “ For greater conveniency, efpecially In travelling, SViiVome* 
of the three proportionals are fixed, their product in or in fuch circumflances in which one has not the tcr ‘ 

“ the iirft cafe is 41253, and in the other two cafes is opportunity of making even the eafy calculations re- 
.2475180; fo that in the fir ft cafe, viz. when the angle quired in thofe problems, I have calculated the foi- 


ls expreffed in minutes, -you need only divide 41253 
by the given angle-; and in the other two cafes, viz. 
when the angle is expreffed in feconds, divide 2475180 
by the given angle, and the quotient in either cafe is 
-the anfwer in inches. 

“ Problem II. The angle, not exceeding one de- 
gree, which is fubtended by any known extenfion, 
being given, to find its diftance from the place of ob- 
. fervation. 

46 Rule. Proceed as if the extenfion were of one foot 
by Problem I. and call the anfwer B ; then, if the 
extenfion in queftion be expreffed in inches, fay, as 12 
inches are to that extenfion, fo is B to a fourth pro- 
portional, which is the anfwer in inches ; but if the 
extenfion in queilion be expreffed in feet, then you 
need only multiply it by B, and the produdl is the 
anfwer in inches. 

“ Example. At what diftance is a man fix feet high, 
whtii he appears to fubtend an angle of 30". 

“ By problem I. if the man were one foot high, the 
diftance would be 82506 inches ; but as he is fix feet 
high, therefore multiply 82506 by 6, and the produ& 
gives the required diftance, which is 495036 inches, 
Or 41 253 feet. 

Angles fubtended by an extenfion of one foot, at different 
di/lances» 


Angles. 

Diftances 
in feet. 

Angles. 

Diftances 
in feet. 

Min. 1 

3457.7 

Min. 31 

IIC, 9 

2 

1718,9 

3 2 

107,4 

3 

n 45>9 

33 

104,2 

4 


34 

101,1 

5 

68“, 5 

35 

98,2 

6 

572,9 

3 6 

95,5 

7 

4914 

37 

• 9 - 1 >9 

8 

4 " 9»7 

38 

90,4 

9 

382,0 

39 

88,1 

10 

343, 7 

40 

85>9 

11 

3 'M 

4 1 

83,8 

12 

286,5 

4 2 

81,8 

*3 

264,4 

43 

79>9 

H 

245-5 

44 

78,1 

J 5 

229,2 

45 

7 6 >4 

1 6 

214,8 

46 

14,1 

i? 

202,2 

47 

73 >i 

18 

191,0 

48 

71,6 

*9 

180,9 

49 

70,1 

20 

171,8 

5 ° 

68,7 

2 1 

162,7 

. 5 i 

67,4 

22 

156,2 

52 

66,1 

2 3 

M 9>4 

53 

64,8 

24 

143,2 

54 

63,6 

25 

I 3 7 >5 

55 

62,5 

26 

13 ? ! 2 

56 

61,4 

27 

i 2 7»3 

57 

60,3 

28 

122,7 

58 

59>2 

29 

118,5 

59 

58,2 

30 

114,6 

60 

57,3 
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lowing two tables ; the firfl of which /hows the di- 
ftance anfwering to any angle from one minute to one 
degree, which is fubtended by an extenfion of one 
foot ; and the fecond table fhows the diftance anfwer^ 
ing to any angle from one minute to one degree, 
which is fubtended by a man, the height of which 
has been called an extenfion of fix feet ; becaufe, at a 
mean, fuch is the height of a man when dreffed with 
hat and fhoes on. Thefe tables may be tranfcribed 
on a card, and may be had always ready with a pocket 
telefcope furnifhed with a micrometer. Their ufe is 
evidently to afcertain diftances without any calcula- 
tion ; and they are calculated only to minutes, becaufe 
with a pocket telefcope and micrometer it is not pof- 
fible to meafure an angle more accurately than to a 
minute. 

“ Thus, if one wants to meafure the extenfion of a 
ftreet, let a foot ruler be placed at the end of the 
flreet ; meafure the angular appearance of it, which 
fuppofe to be 36', and in the table you will have the 
required diflance againfl 36', which is 95 1 feet. Thus 
alfo a man who appears to be 49' high, is at the di- 
flance of 421 feet. 


Angles fubtended by an extenfon of fix feet at different 
diftances . 


Angles. 

Diftances 
in feet. 

Angles. 

Diftances 
in feet. 

Min. 1 

20626,8 

Min. 31 

665,4 

2 

* 03 * 3 - 

3 2 

644,5 

3 

6873,4 

33 

625. 

4 

5 i 5 6 *5 

34 

6^6,6 

5 

4 1 25,2 

35 

589,3 

6 

3437>7 

3 6 

572,9 

7 

2946,6 

37 

557,5 

8 

2578,2 

3 ^ 

542,8 

9 

2291,8 

39 

528,9 

10 

206^,6 

40 

5 1 5,6 

1 1 

1879,2 

4 1 

503,1 

12 

I7l8,8 

42 

| 49 r »‘ 

13 

1586,7 

43 

479,7 

H 

f 473>3 

44 

468,8 

15 

I 375 - 

45 

i 45 8 ,4 

16 

1298,1 

46 

448,4 

17 

121 3>3 

47 

438,9 

18 

JI 45>9 

48 

429,7 

19 

1085,6 

49 

421. 

20 

i° 3'>4 

50 

412,5 

21 

982,2 

5 i 

404,4 

22 

937, 6 

5 2 

396,7 

2 3 

896,8 

53 

389,2 

H 

859,4 

54 

3 8i >9 

2 5 

825. 

55 

375 * 

26 

793,3 

56 

368,3 

27 

7(5,9 

57 

361,9 

28 

736,6 

5 * 

355,6 

29 

7 « 1,3 

59 

349,6 

30 

687,5 

60 

343,7 1 
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Micromc* IX, The Micrometer has not only been applied to te- 
j. 1 1 ter< lefcopes, and employed for aftronomical purpofes; but 
there have alfo been various contrivances for adapting 
it to microscopical obfervations. Mr Leeuwen- 
hoek’s method of eftimating the fize of final! obje&s 
was by comparing them with grains of fand, of which 
loo in a line took up an inch. Thefe grains he laid 
"Upon the fame plate with his obje&s, and viewed them 
at the fame time. Dr Jurin’s method was fimilar to 
this ; for he found the diameter of a piece of fine ill- 
ver wire, by wrapping it as clofe as he could about a 
pin, and obferving how many rings made an inch ; 
and he ufed this wire in the fame manner as Leeuwen- 
hoek ufed his fand. Dr Hooke ufed to look upon the 
magnified objedl with one eye, while at the fame time 
he viewed other objedls placed at the fame diftance 
with the other eye. In this manner he was able, by 
the help of a ruler, divided into inches and fmall parts, 
and laid on the pedeftal of the microfcope, to call as 
it were the magnified appearance of the obje& upon 
the ruler, and thus exactly to meafure the diameter 
which it appeared to have through the glafs; which 
being compared with the diameter as it appeared to 
the naked eye, eafily fhowed the degree in which it 
was magnified. A little pradtice, fays Mr Baker, 
will render this method exceedingly eafy and pleafant. 

Mr Martin in his Optics recommended fuch a mi- 
crometer for a microfcope as had been applied to tele- 
fcopes: for he advifes to draw a number of parallel 
lines on a piece of glafs, with the fine point of a dia- 
mond, at the diftaiice of one-fortieth of an inch from 
one another, and to place it in the focus of the eye- 
glafs. By this method, Dr Smith contrived to take 
the exadl draught of obje&s viewed by a double mi- 
crofcope; for he advifes to get a lattice, made with 
fmall filver wires or fquares, drawn upon a plain glafs 
by the ftrekes of a diamond, and to put it into the 
place of the image, formed by the objedt-glafs : then 
by transferring the parts of the objedl, feen in the 
fquares of the glafs or lattice upon fimilar correfpond- 
ing fquares drawn on paper, the pidfure may be exadl- 
ly taken. Mr Martin alfo introduced into compound 
micro fcopes another micrometer, confiding of a ferew. 
See both thefe methods deferibed in his Optics , p. 277. 

The mode of adfual admeafurement (Mr Adams 
• Micmfco- obferves*) is without doubt the mod fimple that can 
pkal £fays } be ufed; as by it we comprehend, in a manner, at 
L 59 - one glance, the different effedfs of combined glaffes ; 

and as it faves the trouble, and avoids the obfeurity, 
of the ufual modes of calculation : but many perfons 
find it exceedingly difficult to adopt this method, be- 
caufe they have not been accudomed to obferve with 
both eyes at once. To obviate this inconvenience, 
the late Mr Adams contrived an indrument called the 
N eecHe- Micrometer r which was fird deferibed in his Mi - 
crographia llluflrata; and of which, as now condrudled, 
we have the following defeription by his fon Mr George 
Adams in the ingenious Effays above quoted. 

T his micrometer confids of a ferew, which has 50 
threads to an inch ; this ferew carries an index, which 
points to the divifions on a circular plate, which is 
fixed at right angles to the axis of the ferew. The 
revolutions of the ferew are counted on a fcale, which 
is an inch divided into 50 parts; the index to thefe divi- 
sions is a flower-de-luce marked upon the Aider, which, 


carries the needle point acrofs the field of the micro- Micro***, 
fcope. Every revolution of the micrometer ferew 
meafures T *oth part of an inch, which is again fubdi- 
vided by means of the divifions on the circular plate, 
as this is divided into 20 equal parts, over which the 
index paffes at every revolution of the ferew; by which 
means we obtain with eafe the meafure of icocthpart 
of an inch : for 50, the number of threads on the 
ferew in one inch, being multiplied by 20, the divi- 
fions on the circular plate are equal to 1 000 ; fo that 
each divifion on the circular plate fhows that the 
needle has either advanced or receded 1 oooth part of 
an inch. 

To place this micrometer on the body of the micro- 
fcope, open the circular part FKH, fig. 25. by taking 
out the ferew G, throw back the femicircle FK, which 
moves upon a joint at K; then turn the Aiding tube of 
the body of the microfcope, fo that the fmall holes which 
are in both tubes may exa&ly coincide, and let the needle 
g of the micrometer have a free paffage through them ; 
after this, ferew it fait upon the body by the ferew G. 

The needle will now traverfe the field of the micro- 
fcope, and meafure the length and breadth of the 
image of any object that is applied to it. But fur- 
ther affiftance muff be had, in order to meafure the 
object itfelf, which is a fubjeft of real importance ; 
for though we have afeertained the power of the mi- 
crofcope, and know that it is fo many thoufand times, 
yet this will be of little affi fiance towards afeertaining 
an accurate idea of its real fize ; for our ideas of bulk 
being formed by the comparifon of one obje& witli 
another, we can only judge of that of any particular 
body, by comparing it with another whole fize is 
known : the fame thing is neceffary, in order to form: 
an eftimate by the microfcope ; therefore, to afeertain 
the real meafure of the objed, we muff make the point 
of the needle pafs over the image of a known part of 
an inch placed on the ftage, and write down the revo- 
lutions made by the ferew, while the needle palled 
over the image of this known meafure ; by which 
means we afeertain the number of revolutions on the 
ferew, which are adequate to a real and known mea- 
fure on the ffage. As it requires an attentive eye to 
watch the motion of the needle point as it paffes over 
the image of a known part of an inch on the ffage, we 
ought not to truft to one fingle meafurement of the 
image, but ought to repeat it at leaft fix times ; then 
add the fix meafures thus obtained together, and di- 
vide their fum by fix, or the number of trials ; the 
quotient will be the mean of all the trials. This refultr 
is to be placed in a column of a table next to that 
which contains the number of the magnifiers. 

By the affiftance of the fe&oral fcale, we obtain 
with eafe a fmall part of an inch. This fcale is fliown 
at fig. 22, 23, 24, in which the two lines ca y cb, with 
the fide ab 9 form an ifofceles triangle ; each of the 
fides is two inches long, and the bafe ftill only of 
one-tenth of an inch. The longer fides may be of any 
given length, and the bafe ftill only of one-tenth of an. 
inch. The longer lines may be confidered as the line 
of lines upon a fe&or opened to one-tenth of an inch. 

Hence whatever number of equal parts ca r cb are di- 
vided into, their tranfverfe meafure will be fuch a part 
of one-tenth as is expreffed by their divifions. Thus 
if it be divided into ttn equal parts* this will divide 


Plate 
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Mieromc- the inch into too equal parts ; the firft divifion next 
* ecr> c will be equal to 1 ooth part of an inch, becaufe it is 
k tent ^ p art 0 f one-tenth of an inch. If thefe lines 

arc divided into twenty equal parts, the inch will be 
by that means divided into 200 equal parts. Laftly, 
if ab y ca> are made three inches long, and divided into 
100 equal parts, we obtain with eafe the ioocth part. 
The fcale is reprefented as folid at fig. 23. but as per- 
forated at fig. 22. and 24. fo that the light pafles thro’ 
the aperture, when the led oral part is placed on the ftage. 

To ufe this fcale, fir ft fix the micrometer, fig. 25. 
to the body of the microfcope ; then fit the fe&oral 
fcale, fig. 24. in the ftage, and adjuft the microfcope 
to its proper focus or diftance from the fcale, which is 
to be moved till the bafe appears in the middle of the 
field of view ; then bring the needle pointy, fig. 25. 
(by turning the fcrew L ) to touch one of the lines ca , 
exactly at the point anfwering lO 20 on the fe&oral 
fcale. The index a of the micrometer is to be fet to 
the firft divifion, and that on the dial plate to 20, which 
is both the beginning and end of its divifions ; we are 
then prepared to find the magnifying power of every 
magnifier in the compound miorofcope which we are 
ufing. 

Example . Every thing being prepared agreeable to 
the foregoing dire&ions, fuppofe you are defirous of 
afcertaining the magnifying power of the lens marked 
N°4* turn the micrometer fcrew until the point of 
the needle has paffed over the magnified image of the 
tenth part of one inch ; then the divifion, where the 
two indices remain, will ftiow how many revolutions, 
and parts of a revolution, the fcrew has made, while 
the needle point traverfed the magnified image of the 
one-tenth of an inch ; fuppofe the refult to be 26 re- 
volutions of the fcrew, and 14 parts of another revolu- 
tion, this is equal to 26 multiplied by 20, added to 14; 
that is, 534,000 parts of an inch. — The 26 divifions 
found on the ftraight fcale of the micrometer, while 
the point of the needle pafted over the magnified 
image of one-tenth part of an inch, were multiplied 
by 20, becaufe the circular plate CD, fig. 25. is di- 
vided into 20 equal parts; this produced 520 ; then 
adding the 14 parts of the next revolution, we obtain 
the 534,000 parts of an inch, or five-tenths and 3400 
parts of another tenth, which is the meafure of the 
magnified image of one-tenth of an inch, at the aper- 
ture of the eye-glaffes or at their foci. Now if we 
fuppofe the focus of the two eye-glaffes to be one 
inch, the double thereof is two inches; or if we reck- 
on in the 1000th part of an inch, we have 2000 parts 
for the diftance of the eye from the needle point of 
the micrometer. Again, if we take the diftance of 
the image from the objedl at the ftage at 6 inches, or 
6000, and add thereto 2000, double the diftance of 
the focus of the eye-glafs, we fhall have 8000 parts of 
an inch for the diftance of the eye from the objedf ; and 
as the glaffes double the image, we muft double the num- 
ber 534 found upon the micrometer, which then makes 
1068: then, by the following analogy, we fhall ob- 
tain the number of times the microfcope magnifies the 
diameter of the object ; fay, as 240, the diftance of 
the eye from the image of the obje&, is to 800, the 
diftance of the eye from the objedl; fo is 1068, double 
the meafure found on the micrometer, to 3 563, or the 


number of times the microfcope magnifies tlie diarne- M c?o«ve 
ter of the objedf. By working in this manner, the t * cr 
magnifying power of each lens ufed with the compound * 
microfcope may be ealily found, though the refult will 
be different in different compound microfcopes, vary- 
ing according to the combination of the lenfes, their 
diftance from the objedl and one another, &c. 

Having difeovered the magnifying power of the mi- 
crofcope, with the different objed-lenfes that are ufed 
therewith, our next fubjedt is to find out the real iize 
of the objedts themfelves, and their different parts : 
this is eafily effected, by finding how many revolutions 
of the micrometer-fcrew anfwer to a known meafure 
on the fedtoral fcale or other objedt placed on the 
ftage ; from the number thus found, a table fhould be 
conftrudted, expreffing the value of the different revo- 
lutions of the micrometer with that objedt lens, by 
which the primary number was obtained. Similar 
tables muft be conftrudted for each object lens. By a 
fet of tables of this kind, the obferver may readily 
find the meafure of any objedl he is examining ; for 
he has only to make the needle point travel fe over 
thi3 objedt, and obferve the number of revolutions the 
fcrew has made in its paffage, and then look into his 
table for the real meafure which correfponds to this 
number of revolutions, which is the meafure required. 

Mr Coventry of Southwark has favoured us with 
the defeription of a micrometer of his own invention ; 
the fcale of which, for minutenefs, furpaffes every 
inftrument of the kind of which we have any know r - 
ledge, and of which, indeed, we could fcarcely have 
formed a conception, had he not indulged us with fe- 
veral of thefe inftruments, graduated as underneath. 

The micrometer is compofed of glafs, ivory, filver, 

& c. on which are drawn parallel lines from the 10th 
to the 1 0,000th part of an inch. But an inftrument 
thus divided, he obferves, is more for curiofity than 
life : but one of thofe which Mr Coventry has lent us 
is divided into fquares, io fmall that fixteen million of 
them are contained on the furface of one fquare inch, 
each fquare appearing under the microfcope true and 
diftindt ; and though fo fmall, it is a fadt, that ani- 
malcula are found which may be contained in one of 
thefe fquares. 

The ufe of micrometers, when applied to micro- 
fcopes, is to meafure the natural fize of the objedt, 
and how much that objedt is magnified. To afeertaiu 
the real fize of an objedt in the fingle microfcope, no- 
thing more is required than to lay it on the microme- 
ter, and adjuft it to the focus of the magnifier, no- 
ticing how many divifions of the micrometer it covers. 

Suppofe the parallel lines of the micrometer to be the 
1 oooth of an inch, and the objedt covers two divifions 5 
its real fize is 5COths of an inch; if five, 2O0ths, and 
fo on. 

But to find how much the objedt is magnified, 
is not mathematically determined fo eafiy by the fingle 
as by the compound microfcope : but the follow- 
ing fimple method (fays Mr Coventry) I have ge- 
nerally adopted, and think it tolerably accurate. 

Adjuft a micrometer under the microfcope 0, fay the 
100th of an inch of divifions, with a fmall objedt on 
it ; if fquare, the better : notice how many divifions one 
fide of the objedt covers, fuppofe 10: then cut apiece 
4U2 of 
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of white paper fome thing larger than the magnified 
appearance of the objedl : then fix one eye on the ob- 
ject through the microfcope, and the other at the fame 
time on the paper, lowering it down till the objecft 
and the paper appear level and dillindl : then cut the 
paper till it appear exactly the fize of the magnified 
object; the paper being then meafured, fuppofe an 
inch fquare : Now, as the object under the magnifier, 
which appeared to be one inch fquare, was in reality 
only ten hundredths, or the tenth of an inch, the expe- 
riment proves that it is magnified ten times in length, 
one hundred times in fuperfices, and one thou fa nd 
times in cube, which is the magnifying power of the 
glafs ; and, in the fame manner, a table may be made 
of the power of all the other glaftes. 

In ufing the compound microfcope, the real fize of 
the objeft is found by the fame method as in the fingle : 
but to demonftrnte the magnifying power of each glafs 
to greater certainty, adopt the following method. — 
Lay a two-feet rule on the ftage, and a micrometer 
level with its furface (an inch fuppofe, divided into 
100 parts ; : with one eye fee how many of thofe parts 
are contained in the field of the microfcope, (fuppofe 
50); and with the other, at the fame time, look for 
the circle of light in the field of the microfcope, which 
with a little practice will foon appear diftincl ; mark 
how much of the rule is interfered by the circle of 
light, which will be half the diameter of the field. 
Suppofe eight inches ; confcquently the whole diame- 
ter will be fixteen. Now, as the real fize of the field, 
by the micrometers, appeared to be only hundredths, 
or half an inch, and as half an inch is only one 3 2d 
part of 16 inches, it fhows the magnifying power of the 
glafs to be 32' times in length, 1024 fuperfices, and 
32,768 cube (e). 

Another way of finding the magnifying power of 
compound microfcopes, is by ufing two micrometers 
of the fame divifions ; one adj ufted under the magni- 
fier, the other fixed in the body of the microfcope in 
the focus of the eye-glaf3. Notice how many divi- 
fions of the micrometer in the body are feen in one 


divifion of the micrometer under the magnifier, which Micremei- 
again muft be multiplied by the power of the eye-glafs. t€r * 
Example Ten divifions of the micrometer in the bo- • 

dy are contained in one divifion under the magnifier 
fo far the power is inereafed ten times: now, if the 
eye-glafs be one inch focus, fuch glafs will of it- 
felf magnify about eight times in length, which r 
with the ten times magnified before, will be eight 
times ten, or 80 times in length, 6400 fuperficies, 
and 512,000 cube. 

“ If (lays Mr Coventry) thefe micrometers are em- 
ployed in the’folar microfcope, they divide the obje£b 
into fquares on the fereen in fuch a manner as to ren- 
der it extremely eafy to make a drawing of it. And 
(fays he) I apprehend they may be employed to great 
advantage with fuch a microfcope as Mr Adams’s Lu-. 
cernal ; becaule this inftrument may be ufed either by 
day or night, or in any place, and gives the actual 
magnifying power without calculation ” 

The cafe with which we have been favoured by Mr 
Coventry contains fix micrometers, two on ivory and 
four on glafs. One of thofe on ivory is an inch di- 
vided into one hundred parts, .every fifth line longer 
than the intermediate . one, and every tenth longer ftill* 
for the greater eafe in counting the divifions under the 
microfcope, and is generally ufed in meafuring the? 
magnifying power of microfcopes. The other ivory 
one is divided into fquares of the ;oth and 100th of 
an inch and is commonly employed in meafuring 
opaque obje&s. 

Thofe made of glafs are for tranfparent objects* 
which, when laid on them, fhow their natural fize. — 

That marked on the brafs 100, are fquares divided to 
the 1 ooth of an inch : that marked 5000 are parallel 
lines forming nine divifions, each divifion the ioootfi 
of an inch ; the middle divifion is again divided into 
5, making divifions to the 5000th of an inch. That 
marked io,oco is divided in the fame, manner, with 
the middle divifion divided into 10, making the 
io,ooUh of an inch. Example : 




The glafs micrometer without any mark is alfo di- 
vided, the outfide lines into 100th, the next into 
100 th, and the infide lines into the 4000th of an 
inch : thefe are again crofted with an equal number of 


lines in the fame manner, making fquares of the 
loeth, 1000th, and 4000th of an inch, thus demonftra- 
ting each other’s fize. The middle fquare of the ioocth 
of an inch (fee tig. 26.) is divided into fixteen fquares; 

now 


(e) Tt will be neceftary, for great accuracy, as well as for comparative obfervations, that the two-feet rule 
Should always be placed at a certain diftance from the eye ; eight inches would, in general, be a proper di£> 
tancc. 
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Micropus, now as IOOO fquares in the length of an inch, mul- 
Microfco etipHed by 1000, gives one million in an inch furface ; 
r T1 ' by the fame rule, one of thofe fquares divided into 16 
mult he the ftxteen millionth part of an inch furface 
See ftg. 2 / ). which is a diminilhed view of the apparent 
furface exhibited under the magni er n° 1 of Wilfon’s 
micro fcope. In viewing the fmalled lines, Mr Co- 
ventry ufes no 2. or 3, ; and they are all better feen, 
he fays, by candle than by day-light. 

MIC HO PUS, bastard cudweed: A genus of the 
polygamia - neceffaria order, belonging to the fynge- 
nefia clafs of plants ; and in the natural method rank- 
ing under the 49th order, Comhojit^e, The receptacle is 
paleaceous'; there is no pappus ; the calyx is calcula- 
ted ; there is no radius of the corolla. The female 
florets are wrapped in the fcales of the calyx. There 
are two fpecies, the fupinus and eredtus ; but only 
the former is ever cultivated in gardens. It is an 
annual plant, growing naturally in Portugal, in places 
near the fea. The root fends out feveral trailing ftalks, 
about fix or eight inches long, which are garnifhed 
with fmall, oval* lilvery leaves, whofe bafes em- 
brace the ftalks. The flowers come out in clutters 
from the wings of the ftalks, and are very fmall, and 
of a white colour. It flowers in June and July ; and 
is frequently preferved in gardens on account of the 
beauty of its lilvery leaves. It is eafiiy propagated 
by feed fown in autumn, and requires no other cul- 
ture but to be kept free from weeds. 

MICROSCOPE, an optical inftrument, confiding 
of lenfes, or mirrors, by means of which fmall objedls 
appear larger than they do to the naked eye. Single 
microfcopes con Ad-' of a Angle lens or mirror; or if 
more lenfes or mirrors be made life of, they only ferve 
to throw light upon the object, but do not contribute to 
enlarge the image of it. Double or compound mi- 
crofcopes are thofe in which the image of an objedl is 
eompofed by means of more lenfe 3 or mirrors than one. 

For the principles on which the conftru&ron of mi- 
crofcopes depends, fee Optics. In the prefent ar- 
ticle, it is intended to defcribe the finifhed inftrument, 
with^all its varied apparatus, according to the lateft im- 
provements; and to illuftrate by proper details it&.ufes 
and importance. 

I. Of Single M icrofcopes, 

■* The famous microfcopes made ufe of by Mr L'eewen* 
hoeck, were all, as Mr Baker affures us, of the Angle 
kind, and the conftrutftion of them was the mod Ample 
poflible ; each confiding only of a Angle lens fet be- 
tween two plates of Alver, perforated with a fmall 
hole, with a moveable pin before it to place the ob- 
ject on and adjuft it to the eye of the beholder. He 
informs us alfo, that lenfes only, and not globules , were 
ufed in every one of thefe microfcopes. 

1. The Angie microfcope now mod: generally known 
CCXCVII an< ^ called IVilfon's Pocket Microfcope . The 

lt 'body is made of brafs, ivory, or Alver, and is repre* 
fented by AA, BB. CC is a long ftne-threaded male 
fcrew that turns into the body of the microfcope ; I> 
a convex glafs at the end of the fcrew. Two con- 
cave round pieces of thin brafs, with holes of different 
diameters in the middle of them, are placed to cover 
the abovementioned glafs, and thereby diminidi the 
5 


aperture when the greated magnifiers are employed, M 
EE, three thin plates of brafs within the boAy of the 
microfcope ; one of which is bent femicircularly in the 
mi .Idle, fo as to form an arched cavity for the recep- 
tion of a tube of glafs, the ufe of the other two be- 
ing to receive and hold the Aiders between them. F, 
a piece of wood or ivory, arched in the manner of 
the femicirciilar plate, and cemented to it. G, the 
other end of the body of the microfcope, where a hol- 
low female fcrew is adapted to receive the different 
magnifters. H, is a fpiral fpring of dee), between 
the end G and the plates of brafs, intended to keep 
the plates in a right poAtion and counteract the long 
fcrew CC. I, is a fmall turned handle, for the better 
holding of the inftrument * to fcrew on or off at pleafure. 

To this microfcope belong Ax or feven magnifying 
glades : Ax of them are fet in Alver, brafs, or ivory, 
as in the Agure K ; and marked 1, 2, 3, 4, 5, 6, 
the lowed numbers being the greated magnifters. L 
is the feventh magnifter, fet in the manner of a little 
barrel, to be held in the hand for the viewing of any 
larger ohjeCt. M, is a dat flip of ivory, called a 
Jlider> with four round holes through it, wherein to 
place obje&s between two pieces of glafs or Mufcovy 
talc, as they appear at dddd. Six fuch Aiders, and 
one of brafs, are tifually fold with this microfcope, 
fome with obje&s placed in them, and others empty 
for viewing any thing that may offer : but whoever 
pleafes to make a colle&ion, may have as many as he 
defires. The brafs Aider is to conftne any fmall objeCI, 
that it may be viewed without crufhing or deftroying 
it. N, is a tube of glafs contrived to confine living ob- 
jects, fuch as frogs, fifties, &c. in order to difeover 
the circulation of the blood. All thefe are contained 
in a little neat box of ftfti-fkin or mahogany, very 
convenient for carrying in the pocket. 

When an objeCl is to be viewed, thruft the ivory' 
Aider, in which the faid objeCl is placed, between the 
two Aat brafs plates EE : obferving always to put 
that fide of the Aider where the brafs rings are far- 
theft from the eye. Then fcrew on the magnifying 
glafs you intend to ufe, at the end of the inftrument 
G ; and looking through it againft the light, turn the 
long fcrew, CC, till your objeS be brought to fuit your 
eye ; which will be known by its appearing perfectly 
didineft and clear. It is moft proper to look at it firlb 
through a magnifter that can Aiow the whole at once, 
and afterwards to infpedl the feveral parts more parti- 
cularly with one of the greated magnifters ; for thus 
you will gain a true idea of the whole, and of all its 
parts. And though the greated magnifiers can fhow 
but a minute portion of any objedl at once, fuch as the 
claw of a flea, the horn of a ioufe, or the like; yet by 
gently moving the Aider which contains the objedt, 
the eye will gradually examine it all over. 

As objedts mud be brought very near the glaffes 
when the greated magnifters are made ufe of, be care- 
ful not to fcratch them by rubbing the Aider againd: 
them as you move it in or out. A few turns of the 
fcrew CC will eaftly prevent thb mifehief, by giving 
them room enough. You may change the obje .is in 
your Aiders for any others you think proper, by taking 
out the brafs rings with the point of a penknife 3 
the talcs will then fall out, if you but turn the Aiders? 

and i 
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Micfftfcopr and a ftei v putting what you pleafe between them, by 

w ~~v — ~ replacing the brafs rings you will fallen them as they 
were before. It is proper to have fome Aiders furnilh- 
ed with talcs, but without any objeCt between them, 
to be always in readinefs for the examination of fluids, 
falts, fands, powders, the farina of flowers, or any 
other caiual objeCts of fuch fort as need only be applied 
to the outlide of the talc. 

The circulation of the blood may be eafieft feen in 
the tails or lins of fifhes, in the line membranes be- 
tween a frog’s toes, or bell of all in the tail of a 
water-newt. If your objeCt be a fmall fifli, place it 
within the tube N, and fpread its tail or fin along the 
fide thereof: if a frog, choofe fuch an one as can but 
juft be got into your tube ; and, with a pen, or fmall 
flick, expand the tranfparent membrane between the 
toes of the frog’s hind foot as much as you can. When 
your objeCt is fo adj lifted that no part of it can in- 
tercept the light from the place you intend to view, 
unicrew the long ferew CC, and thrull your tube in- 
to the arched cavity, quite through the body of the 
microfcope ; then ferew it to the true focal diftance, 
and you will fee the blood palling along its veflels with 
a rapid motion, and in a moll furpriling* manner. 

The third or fourth magnifiers may be ufed for 
frogs or fifties : but for the tails of water-newts, the 
fifth or fixth will do ; bccaufe the globules of their 
blood are twice as large as thofe of frogs or fifh. The 
iirft or fecond magnifier cannot well be employed for 
this purpofe ; becaufe the thicknefs of the tube in 
which the object lies, will fcarce admit its being 
brought fo near as the focal diftance of the magnifier. 

An apparatus for the purpofe of viewing opaque 
objeCts generally accompanies this microfcope ; and 
which confifts of the following parts. A brafs arm 
C^R, which is ferewed at Q^upon the body of the mi- 
crofcope at G. Into the round hole R, any of the 
magnifiers fui table to the objecl to be viewed are to 
be Screwed ; and under it, in the fame ring, the con- 
cave poliftied filver fpeculnm S. Through a fmall 
aperture in the body of the microfcope under the 
brafs plates EE, is to Aide the long wire with the 
forceps T : This wire is pointed at one of its ends ; 
and fo, that either the points or forceps may be ufed 
for the objeCts as may be neceflary. It is eafy to 
conceive, therefore, that the arm at R, which turns 
by a twofold joint at a and b , may be brought with 
its magnifier over the objeCt, the light reflected upon 
it by the application of the fpeculum, and the true 
focus obtained by turning of the male ferew CC as 
before directed. — As objects are fometimes not well 
fixed for view, either by the forceps or point, the 
fmall piece fhown at N is added, and in fuch cafes 
anfwers better: it fciews over the point of T ; it con- 
tains a fmall round piece of ivory, blackened on one 
fide, and left white upon the other as a contrail to 
coloured objeCts, and by a fmall piece of watch-fpring 
faftens down the objeCts upon the ivory. 

2. Single Microfcope by reflection. In fig. 2. A is a 
fcroll of brafs fixed upright upon a round wooden 
bafe B, or mahogany drawer or cafe, fo as to Hand 
perfectly firm and fleady. C is a brafs ferew, that paf- 
fes through a hole in the upper limb of the fcroll in- 
to the fide of the microfcope D, and ferews it fail to 
the laid fcroll. E is a concave . fpeculum fet in a 
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box of brafs, which hangs in the arch G by two fmall Microfcope 
ferews / /, that ferew into the oppofite fides thereof. 

At the bottom of this arch is a pin of the fame metal, 
exaCtly fitted to a hole h in the wooden pedeftal, made 
for the reception of the pin. As the arch turns on 
this pin, and the fpeculum turns on the end of the 
arch, it may, by this twofold motion, be eafily adjuft- 
ed in fuch a manner as to refleCl the light of the fun, 
of the iky, or of a candle, diretily upwards through 
the microfcope that is fixed perpendicularly over it ; 
and by fo doing may be made to anfwer many pur* 
pofes of the large double reflecting microfcope. The 
body of the microfcope may alfo be fixed horizon- 
tally, and objects viewed in that pofiticn by any light 
you choofe ; which is an advantage the common double 
reflecting microfcope has not. It may alfo be render- 
ed further ufeful by means of a flip of glafs ; one end 
of which being thrull through between the plates where 
the Aiders go, and the other extending to fome diftance, 
fuch objedte may be placed thereon as cannot be ap- 
plied in the Aiders : and then, having a limb of brafs 
that may faften to the body of the microfcope, and ex- 
tend over the projecting glafs a hollow ring wherein 
to ferew the magnifiers, all forts of fubje&s may be 
examined with great convenience, if a hole be made in 
the pedeftal, to place the fpeculum exa&ly underneath, 
and thereby throw up the rays of light. The pocket* 
microfcope, thus mounted, fays Mr Baker, “ h as eafy 
and pleafant in its ufe ; as fit for the mod curious ex- 
amination of the animalcules and falts in fluids, of the 
farina? in vegetables, and of the circulation in fmall 
animals; in Ihort, is as likely to make confiderable 
difeoveries in objeCts that have fome degree of tranfpa- 
rency, as any microfcope 1 have ever feen or heard of.” 

The brafs fcroll A is now generally made to un- 
ferew into three parts, and pack with the microfcope 
and apparatus into the drawer of a mahogany pocket* 
cafe, upen the lid of which the fcroll is made to fix 
when in ufe. 

The opaque apparatus alfo, as above described, is 
applicable this way by reflection. It only confifts ia 
turning the arm R (fig. i.), with the magnifier over 
the concave fpeculum below (fig. 2), or to receive the 
light as refleCled obliquely from it : the filver fpecu- 
lum ferewed into R wall then refleCt the light, which 
it receives from the glafs fpeculum, ftrongly upon the 
objeCt that is applied upon the wire T underneath. 

This microfcope, however, is not upon the moll 
convenient conftrnCtion, in comparison with others now 
made : it has been efteemed for many years paft from 
its popular name, and recommendation by its makers. 

Its portability is certainly a great advantage in its fa- 
vour; but in molt refpe&s it is fuperfeded by the mi- 
crofeopes hereafter deferibed. 

3. Microfcope for Opaque Object, called the Single Fig. 3* 
Opaque Microfcope. This microfcope remedies the in- 
convenience of having the dark fide of an objeCt next 
the eye, which formerly was an unfurmountable ob- 
jection to the making obfervations on opaque objeCts 
with any confiderable degree of exaCtnefs or fatisfac- 
tion : for, in all other contrivances commonly known, 
the nearnefs of the inllrument to the objeCt (when 
glades that magnify much are ufed) unavoidably 
overfhadows it fo much, that its appearance is render- 
ed obfeure and indiftinCt. And, notwithftanding ways 

have 
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Microfcope have been tiled to point light upon an object, from the 
v—— * fun or a candle, by a convex glafs placed on the- fide 
thereof, the rays from either can be thrown upon it in 
fuch an acute angle only, that they ferve to give a con- 
futed glare, but are inefficient to afford a. clear and 
perfect view of the objed. But this microfcope, by 
means df a concave fpeculum of filver highly polifhed, 
in whofe centre a magnifying lens is placed, filch a 
ftrong and dired light is relieved upon the object, 
that it may be examined with all imaginable eafe and 
pleafure. The feveral parts of this inftrument, made 
either of brafs or filver, are as follow. 

Through the firff fide A, paffes a fine ferew B, the 
other end of which is fattened to the moveable fide C. 
D is a nut applied to this ferew, by the turning of 
which the two fides A and C are gradually brought 
together. E is a fpring of tteel that feparates the 
two fides when the nut is unferewed. F is a piece of 
brafs, turning round in a focket, whence proceeds a 
fmall fpring tube moving upon a rivet; through which 
tube there inns a tteel wire, one end whereof termi- 
nates in a fharp point G, and the other with a pair of 
pliers H fattened to it. The point and plyers are to 
thrutt into, or take up and hold, any infed or objed ; 
and either of them may be turned upwards, as beft 
fuits the purpofe. I is a ring of brafs, with a female 
ferew within it, mounted on an upright piece of the 
fame metal ; which turns round on a rivet, that it may 
be fet at a due diftance when the leaft magnifiers are 
employed. This ring receives the ferews of all the 
magnifiers. K is a concave fpeculum of filver, po- 
lifhed as bright as poffible ; in the centre of which is 
placed a double convex lens, with a proper aperture 
to look through it. On the back of this fpeculum a 
male ferew L is made to fit the brafs ring I, to ferew 
into it at pleafcire. There are four of thefe concave 
fpecula of different depths, adapted to four glalfes of 
different magnifying powers, to be ufed as the ob- 
jects to be examined may require. The greateft mag- 
nifiers have the leaff apertures. M, is a round objed- 
plate, one fide of which is white and the other black : 
The intention of this is to render objects the more vi- 
fible, by placing them, if black, on the white fide, 
or, if white, on the black fide. A fteel fpring N turns 
down on each fide to make any objed fall ; and if- 
fuing from the objed-plate is a hollow pipe to ferew 
it on the needle’s point G. O, is a fmall box of brafs, 
with a glafs on each fide, contrived to confine any li- 
ving objed, in order to examine it : this alfo has a 
pipe to ferew upon the end of the needle G. P, is a 
turned handle of wood, to ferew into the inftrument 
when it is made ufe of. Q, a pair of brafs pliers to 
take up any objed, or manage it with conveniency. 

R, is a foft hair-brutti for cleaning the glaffes, &c. 

S, is a fmall ivory box for talcs, to be placed, when 
wanted, in the fmall brafs-box O. 

When you would view any objed with this micro- 
fcope, ferew the fpeculum, with the magnifier you 
think proper to ufe, into the brafs ring I. Place your 
object, either on the needle G in the pliers H, on the 
objed-plate M, or in the hollow brafs box O, as may 
be molt convenient : then holding up your inftrument 
by the handle P, look againtt the light through the 
magnifying lens; and by means of the nutD, together 
with the motion of the needle, by managing its lower 
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end, the objed may be turned about, raffed, de- M’.crofcor* 
p retted, brought nearer the glafs, or removed farther 
from it, till you find the true focal diftance, and the 
light be feen ftrongly reflected from the fpeculum up- 
on the objed, by which means it will be fhown in a 
manner furprifingly diftind and clear ; and for this 
purpofe the light of the fky or of a candle will anfwer 
very well. Tranfpavent ©bjeds may alfo be viewed by 
this microfcope ; only obferving, that when fuch come 
under examination, it will not always be proper to 
throw on them the light refieded from the fpeculum ; 
for the light transmitted through them, meeting the 
refieded light, may together produce too great a glare. 

A little pradice, however, will ihow how to regulate 
both lights in a proper manner. 

4. Ellis’s Jingle and Aquatic Microfcope . Fig. 4. re- 
prefen ts a very convenient and ufeful microfcope, con- 
trived by Mr John Ellis, author of An Eflay upon Co- 
rallines, See. To pradical botanifts, obfervers of ani- 
malcitta, Sec. it poffeffes many advantages above thofe 
juft deferibed. It is poi table, fimple in its conftruc- 
tion, expeditious, and commodious in ufe. K, re- 
prefents the box containing the whole apparatus: it 
is generally made of fifti-lkin ; and on the top there 
is a female ferew, for receiving the ferew that is at the 
bottom of the pillar A : this is a pillar of brafs* 
and is ferewed on the top of the box. D, is a 
brafs pin which fits into the pillar ; on the top of this- 
pin is a hollow focket to receive the arm which carries 
the magnifiers ; the pin is to be moved up and down* 
in order to adjuft the lenfes to their focal or proper 
diftance from the objed. [N. B. In the representa- 
tions of this microfcope, the pin D is delineated as 
patting through a focket at one fide of the pillar A ; 
whereas it is ufual at prefen t to make it pafs down a* 
hole bored through the middle of the pillar.] E, the 
bar which carries the magnifying lens ; it fits into the 
focket X, which is at the top of the pin or pillar I>. This 
arm may be moved backwards and forwards in the 
focket X, and lideways by the pin D ; fo that the 
magnifier, which is ferewed into the ring at the end 
E of this bar, may be eafily made to traverfe over any 
part of the objed that lies on the ftage or plate B. 

FF is a polifiied filver fpeculum, with a magnifying 
lens placed at the centre thereof, which is perforated 
for this purpofe. The filver fpeculum ferews into the 
arm E, as at F. G, another fpeculum, with its lens, 
which is of a different magnifying power from the 
former. H, the femicircle which fup ports the mirror 
I ; the pin R, affixed to the femicircle H, pafics thro’ 
the hole which is towards the bottom of the pillar A* 

B, the ftage, or the plane, on which the objeds are tat 
be placed ; it fits into the fmall dovetailed arm which 
is at the upper end of the pillar DA. C, a plane 
glafs, with a fmall piece of black filk fluck on it ; this 
glafs is to lay in a groove made in the ftage B. M* 
a hollow glafs to be laid oceafionally on the ftage in- 
Head of the plane glafs C. L, a pair of nippers. 

Thefe are fixed to the ftage by the pin at bottom ; 
the fteel wire of thefe nippers flides backwards and 
forwards in the focket, and this focket is moveable 
upwards and downwards by means of the joint, fo that 
the pofition of the objed may be varied at pleafure. 

The objed may be fixed in the nippers, ftuck on the 
point, or affixed, by a little gum- water, & c. to the 
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"Y c ivory cylinder N, which occafionally ferews to the 
point of the nippers. 

To ufc this microfcope: Take all the parts of the ap- 
paratus out of the box ; then begin by ferewing the pillar 
A to the cover thereof; pafs the pin R of the femicirclc 
which carries the mirror thro* the hole that is near the 
bottom of the pillar A ; puAnhe ftage into the dove-tail at 
B, Aide the pin into the pillar (fee the N. B. above); then 
pafs the bar E through the focket which is at the 
top of the pin D, and ferew one of the magnifying 
lenfes into the ring at F. The microfcope is now 
ready for ufe : and though the enumeration of the ar- 
ticles may lead the reader to imagine the inllrument 
to be of a complex nature, we can fafely affirm that 
he will find it oth'erwife. The inllrument has this pe- 
culiar advantage, that it is difficult to put any of the 
pieces in a place which is appropriated to another. 
Eet the objedl be now placed either on the flage or 
in the nippers L, and in fuch manner that it may be 
as nearly as poffible over the centre of the llage: bring 
the fpeculum F over the part you mean to obferve ; 
then throw as much light on the fpeculum as you can, 
by means of the mirror I, and the double motion of 
which it is capable ; the light received on the fpecu- 
lum is reAedled by it on the objedl. The diilance of 
the lens F from the object is regulated -by moving the 
pin D up and down, until a diflindt view of it is 
obtained. The bell rule is, to place the lens beyond 
its focal diilance from the objedl, and then gradually 
to hide it down till the objedl appears fharp and well 
defined. The adjullment of the lenfes to their focus, 
and the diftribution of the light on the objedl, are 
what require the moll- attention : on the firft the di- 
ftindlnefs of the vifion depends ; the pleafure arifing 
from a clear view of the parts under obfervation is due 
to the modification of the light. No precife rule can 
be given for. attaining accurately thefe points ; it is 
from pradlice .alone . that ready habits of obtaining 
thefe neceffary properties can be acquired, and with the 
affiftance of this no difficulty will be found. 

5. A very fimple and convenient microfcope for 
botanical and other purpofes, though inferior in many 
.refpedls to that of Mr Ellis, was contrived by the late 
. ingenious Mr Benjamin Martin, and is reprefented at 
fig. 5. where AB reprefents a fmall arm fupporting 
two or more magnifiers, one fixed to the upper part 
as at B> the other to the lower part of the arm at C ; 
thefe may be ufed feparately or combined together. 
The arm AB is fupported by the fquare pillar IK, 
the lower end of which fits into the focket E of the 
foot FG ; the llage DE is made to Aide up and down 
the fquare pillar ; H, a concave mirror for refledling 
light on the objedl, — To ufe this microfcope, place 
the objedl on the llage, refledl the light on it from 
the concave mirror, and regulate if to the focus, by 
moving the llage nearer to or farther from the lens at 
B. The ivory Aiders pafs through the llage ; other 
objedls may be fixed in the nippers MN, and then 
brought under the eye-glaffes ; or they may be laid 
on one of the glades which fit the llage. The appa- 
ratus to this inllrument confifts of three ivory Aiders,; 
a pair of nippers ; a pair of forceps ; a Aat glafs and a 
concave ditto, both fitted to the llage. 

The two laffc micro fcopes are frequently fitted up 
N° 1 18. 
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with a toothed rack and pinion, for. the more ready 'Microfcope 
adjullment of the glalfes to their proper focus. " “ 

6 . Withering' s portable Botanic Microfcope . Fig. 6. 
reprefents a fmall botanical microfcope contrived by 
Dr Withering, and deferibed by him in his Bota- 
nical Arrangements . It coniilts of three brafs plates, 

A, B, C, which are parallel to each other; the wires 
D and E are rivetted into the upper and lower plates, 
which are by this means united to each other ; the 
middle plate or llage is moveable on the aforefaid wires 
by two little fockets which are fixed to it. The two . 
upper plates each, contain a magnifying lens, but of 
different powers ; one of thefe confines and keeps in 
their places the fine point F, the forceps G, and the 
fmall knife H. — To ufe this inllrument, unferew the 
upper lens, and take out the point, the knife, and the 
forceps ; then ferew the lens on again, place the ob- 
jedl on the flage, and then move it up or down till 
you have gained a diftindl view of the objedl, as one 
lens is made of a Aiorter focus than the other ; and 
fpare lenfes of a ftill deeper focus may be had if re- 
quired. This little microfcope is the molt portable 
of any. Its principal merit is its iimplicity. 

7. Botanical Lenfes or Magnifiers . The hafte with 
which botanifts, &c. have frequently occafion to view 
objedls, renders an extempore pocket-glafs indifpen- 
fably neceffary. The moll convenient of any yet con- 
llrndled, appears to be that contrived, in regard to the 
form of the mounting, by the late Mr Benjamin Mar- 
tin ; and is what he called a Hand Megalafcope , be-, 
caufe it is well adapted for viewing all the larger fort 
of fmall objedls univerfally, and by only three lenfes 
it has feven different magnifying powers. 

Fig. 7. reprefents the cafe with the three frames and 
lenfes, which are ufually of j, j|, and 2 inches focus: 
they all turn over each other, and Aiut into the cafe, 
and are turned out at pleafure. 

The three lenfes lingly, afford three magnifying 
powers; and by combining two and two, we make three 
more : for d with e makes one, d with f another, and 
e with / a third ; which, with the three fingly, make 
fix ; and lallly, all three combined together make an- 
other ; fo that upon the whole, there are feven powers 
of magnifying with thefe glaffes only. 

When the three lenfes are combined, it is better to 
turn them in, and look through them by the fmall 
apertures in the Tides of the cafe. The eye in this 
cafe is excluded from extra light ; the aberration of 
the fuperfiuous rays through the glaffes is cut off; and 
the eye coincides more exadlly with the common axes 
of the lenfes. 

A very ufeful and eafy kind , of microfcope (deferi- 
bed by Joblot, and which has been long in ufe), adapt- 
ed chiefly for viewing, and confining at the fame time, Plate 
any living infers, fmall animals, See. is fliown at fig 8. CCXCV 1 U 
where A reprefents a glafs tube, about ij inches dia- 
meter, and 2 inches high. B, a cafe of brafs or wood, 
containing a Aiding tube, with two or three magnify- 
ing glaffes that may be ufed either feparately or com- 
bined. In the iniide, at the bottom, is a piece of 
ivory, black and white on oppofite fides. that is occa- 
fionally removed, and admits a point to be ferewed in- 
to the centre. The cap unferews at D, to admit the 
placing of the object: the proper diilance of the glaffes 

from 
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Microfcope from the object is regulated by pulling up or down 
• the brafs tube E at top containing the eye-glaftes. 

This microfcope is particularly ufeful for exhibiting 
the well-known curious curculio imperialism vulgarly call- 
ed the diamond beetle , to the greateft advantage ; for 
which, as well as for other objeds, a glafs bottom, 
and a polifhed reflector at the top, are often applied, to 
condenfe the light upon the objed. In this cafe, the 
fland and brafs-bottom F, as fhown in the figure, are 
taken away by unferewing. 

9. Air Lyoneds Single Anatomical Differing All cr of cope. 
Fig. 9. reprefents a curious and extremely ufeful mi- 
crofcope, invented by that gentleman for the pur- 
pofe of minute difledions, and microfcopic prepara- 
tions. This inftrument mull be truly ufeful to ama- 
teurs of the minutiae of inftds, &c. being the bell 
adapted of any for the purpofes of diffedion. With 
this inftrument Mr Lyonet made his very curious 
microfcopical diffedion of the chenille de faule> as related 
in his Traitc Anatomique de la chenille qui rouge le bois de 
faukm 4to. 

AB is the anatomical table, which is fupported by 
a pillar NO; this is ferewed on the foot CD. The 
table AB is prevented from turning round by means 
of two heady pins. In this table or board there is a 
hole G, which is exadly over the centre of the mirror 
EF, that is to refled the light on the objed; the hole 
G is defigned to receive a flat or concave glafs, on 
which the objeds for examination are to be placed. 

RXZ is an arm formed of feveral balls and fockets, 
by which means it may be moved in every poffible fi- 
tuation ; it is fixed to the board by means of the ferew 
H. The lad arm IZ has a female ferew, into which 
a magnifier may be ferewed as at Z By means of the 
ferew H, a fmall motion may be occafionally given to 
the arm IZ, for adj lifting the lens with accuracy to 
its focal diftance from the objed. 

Another chain of balls is lometimes ufed, carrying 
a lens to throw light upon the objed ; the mirror is 
likewife fo mounted, as to be taken from its place at 
K, and fitted on a clamp, by which it may be fixed 
to any part of the table AB. 

To ufe the Differing Table : — Let the operator fit with 
his left fide near a light window ; the inftrument being 
placed on a firm table, the fide DH towards the fto- 
mach, the obfervations fhould be made with the left 
eye. In difleding, the two elbows are to be fup- 
ported by the table on which the inftrument refts, the 
hands refting againft the board AB; and in order to give 
it greater (lability (as a fmall {hake, though imper- 
ceptible to the naked eye, is very vifible in the mi- 
crofcope), the difleding inftruments are to be held 
one in each hand, between the thumb and two fore- 
fingers. 

II. Of Double Microfcopes, commonly called Compound 
Microfcopes, 

Double microfcopes are fo called, from being a com- 
bination of two or more lenfes. 

The particular and chief advantages which the com- 
pound microfcopes have over the fingle, are, that the 
objeds are reprefented under a larger field of view, and 
with a greater amplification of refleded light. 

1. Culpeper’s Microfcope . The compound microfcope, 
originally contrived by Mr Culpeper, is reprefented at 
Vol. XL Part IL 
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fig. 10. It confifts of a large external brafs body A, Microfcope 
B, C, D, fupported upon three fcrolls, which are fixed —v— 
to the ftage EF ; the flage is fupported by three lar- 
ger fcrolls, that are ferewed to the mahogany pedeftal 
GH. There is a drawer in the pedeftal, which holds 
the apparatus. The concave mirror / is fitted to a 
focket in the centre of the pedeftal. The lower part 
LMCD of the body forms an exterior tube, into which 
the upper part of the body ABLM Aides, and may 
be moved up or down, fo as to bring the magnifiers, 
which are ferewed on at N, nearer to or farther from 
the objed. 

To ufe this microfcope : Screw one of the buttons, 
which contains a magnifying lens, to the end N of the 
body,; place the Aider, with the objeds, between the 
plates of the Aider-holder. Then, to attain dillind 
vifion, and a pleafing view of the objed, adjuft the body 
to the focus of the lens you are ufing, by moving the 
upper -part gently up and down, and regulate the light 
by the concave mirror. 

For opaque objeds, two additional pieces muft be 
ufed. The firft is a cylindrical tube of brafs (reprefent- 
ed at L, fig. 11.), which fits on the cylindrical part at 
N of the body. The fecond piece is the concave fpecu- 
lum h; this is to be ferewed to the lower end of the 
afore faid tube : the upper edge of this tube Aiould be 
made to coincide w r ith the line which has the fame num- 
ber affixed to it as to the magnifier you are ufing ; ex, gr . 
if you are making ufe of the magnifier marked 5, Aide 
the tube to the circular line on the tube N that is 
marked alfo with N°5. T he Aider-holder fhould be re- 
moved when you are going to view opaque objeds, and 
a plane glafs fhould* be placed on the ftage in its Head 
to receive the objed ; or it may be placed in the nip- 
pers, the pin of which fits into the hole in the ftage. 

The apparatus belonging to this microfcope confifts 
of the following particulars; viz . Five magnifiers, each 
fitted in a brafs button ; one of thefe is feen at N, 
fig. 10. Six ivory Aiders, five of them with objeds. 

A brafs tube, to hold the concave fpeculum. The 
concave fpeculum in a brafs box. A fifli pan. A fet 
of glafs tubes. A flat glafs fitted to the ftagt. A 
concave glafs fitted to the ftage. A pair of forceps. 

A fteel wire, with a pair of nippers at one end and a 
point at the other. A fmall ivory cylinder, to lit on 
the pointed end of the aforefaid nippers. A convex 
lens, moveable in a brafs femicircle ; this is affixed to 
a long brafs pin, which fits into a hole on the ftage. 

The conftrudion of the foregoing microfcope is 
very fimple, and it is eafy in ufe ; but the advantages of 
the ftage and mirror are too much confined for an 
extenfive application and management of all kinds of 
objeds. Its greateft recommendation is its cheapnefs ; 
and to thofe who are delirous of having a compound 
microfcope at a low price, it may be acceptable. 

2. Cuff’s Microfcope . The improved microfcope 

next in order is chat of Mr Cuff. Befides remedying 
the difadvantages above mentioned, it contains the 
addition of an adjufling ferew, which is a confider- 
able improvement, and highly neceffary to the ex- 
amination of objeds under the bell defined appear- 
ance from the glaffes. It is reprefented at fig. 1 u 
with the apparatus that ufually accompanies it. A, 

B, C, (hows the body of this microfcope ; which, 
contains an eye-glafs at A , a broad lens at B, and 
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M’crofcopf a magnifier which is fcrewed on at C. The body 
] S fupported by the arm I) E, from which it may 
be removed at pleafure. The arm D E is fixed 
on the Hiding-bar F, and may be ralfed or dep ref- 
fed to any height within its limits. The main pil- 
lar ab is fixed in the box be; and by means of the 
brafs foot d is fcrewed to the mahogany pedeftal X Y, 
in which is a drawer containing all the apparatus. O, is 
a milled-headed fcrew, to tighten the bar F when the 
a dj lifting fcrew c g is ufed. p q Is the ftage, or plate, 
which carries the objeCts ; it has a hole at the centre 
.77. G a concave mirror, that may be turned in any 
direction, to refled the light of a candle, or the fky, 
upon the objed. 

To ufe this rr.icrofcope : Screw the magnifier you 
intend to ufe to the end C of the body, place the 
flider-holder P in the hole n, and the Aider with the 
objed between the plates of the flider-holder ; fet the 
upper edge of the bar D E to coincide with the di- 
vifions which correfpond to the magnifier you have in 
*, ufe, and pinch it by the milled nut ; now refled a 

proper quantity of light upon the objed, by means 
of t-he concave mirror G, and regulate the body ex- 
actly to the eye and the focus of the glafles by the 
adjufling fcrew eg. 

To view opaque objeds, take away the flider-holder 
P, and place the objed on a flat glafs under the cen- 
tre of the body, or on one end of the jointed nippers 
q p. Then fcrew the fdver concave fpeculum h to the 
end of the cylinder L, and Aide this cylinder on the 
lower part of the body, fo that the upper edge thereof 
may coincide with the line which has the fame mark 
with the magnifier that is then ufed ; refled the light 
from the concave mirror G to the filver fpeculum, 
from which it will again be refkded on the objed. 
The glaffes are to be adj ufted to their focal diftance 
as before direded. 

The apparatus confifts of a convex lens H, to col- 
led the rays of light from the fun or a candle, and 
condenfe them on the objed. L a cylindrical tube, 
.open at each fide, with a concave fpeculum fcrewed 
the lower end Z>. P the flider-holder : this confifts of a 
cylindrical tube, in which an inner tube is forced up- 
wards by a fpiral fpring ; it is ufed to receive an ivory 
Aider K, which is to be Aid' between the plates h 
and t. The cylinder P fits the hole n in the ftage ; 
and the hollow part at k is defigned to receive a glafs 
tube. R is a brafs cone, to be put under the bottom 
of the cylinder P, to intercept occafionally fome of 
the rays of light. S a box containing a concave and 
a flat glafs, between which a fmall living infed may 
be confined : it is to be placed over the hole n. T 
a flat, glafs, to lay any occafional objed upon ; there 
is alfo a concave one for fluids. O is a long fteel wire, 
with a fmall pair of pliers at one end, and a point at 
the other, defigned to flick or hold objeds ; it flips 
backwards and forwards in the fliort tube 0 ; the pin 
p fits into the hole of the ftage. W a little round 
ivory box, to hold a fupply of talc and rings for the 
Aiders. V a fmall ivory cylinder, that fits on the 
pointed end of the fteel wire: it is defigned for opaque 
objeds. Light- coloured ones are to be ftuck upon 
„the dark fide, and vice verfa . M a fifh-pan, whereon 
to fallen a fmall fifh, to view the circulation of the 
felood the tail is to be fpread acrofs the oblong hole 
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k at the fmall end, and tied faft, by means of a rib* Microfcope 
band fixed thereto; the knob / is to be fhoved through — v — * 
the Ait made in the ftage, that the tail may be brought 
under the magnifier. 

3. This microfcope has received feveral material im- 
provements from Mr Martin, Mr Adams, &c. By 
an alteration, or rather an enlargement, of the body of 
the tube which contains the eye-glafles, and alfo of the 
eye-glafies themfelves, the field of view is made much 
larger, the mirror below for refleding light is made to 
move upon the fame bar with the ftage; by which means 
the diftance of it from the flage may be very eafily and 
fuitably varied. A condenfing glafs is applied under- 
the flage in the Aider-holder, in order to modify and 
increafe the light that is reflected by the mirrors be- 
low from the light of a candle or lamp. It is furnifh- 
ed alfo with two mirrors in one frame, one concave 
and the other plane, of glafs filvered ; and by Amply 
unferewing the body, the iiillrument, when defired, may 
be converted into a Angle microfcope. Fig. 1 2. is a 
representation of the inflrument thus improved ; and 
the following is the defeription of it, as given by 
Mr Adams in his Eflays. 

A B reprefents the body of the microfcope, con- 
taining a double eye-glaft and a body-glafs : it is 
here fhown as fcrewed to the arm CD, from whence 
it may be occafionally removed, either for the con- 
venience of packing, or when the inflrument is to be 
ufed as a Angle microfcope. 

The eye glaffes and the body glafles are contained 
in a tube which fits into the exterior tube A B ; by 
pulling out a little this tube when the microfcope is 
in ufe, the magnifying power of each lens is increafed. 

The body A B of the microfcope is fupported by 
the arm C D; this arm is fixed to the main pillar C F, 
which is fcrewed firmly to the mahogany pedeftal 
G H ; there is a drawer to this pedeftal, which holds 
the apparatus. 

N I S, The plate or ftage which carries the flider- 
holder K L: this ftage is moved up or down the pillar 
CF, by turning the milled nut M ; this nut is fixed 
to a pinion, that works in a toothed rack cut on one 
fide ©f the pillar. By means of this pinion, the ftage 
may be gradually railed or depreffed, and the object 
adjufted to the focus of the different lenfes. 

KL is a Aider-holder, which fits into a hole that 
'is in the middle of the ltage N I S ; it is ufed to con- 
fine and guide either the motion of the Aiders which 
contain the objeCts, or the glafs tubes that are defigned 
to confine fmail fillies for viewing the circulation of 
the blood. The Aiders are to be paffed between the 
two upper plates, the tubes through the bent plates. 

L is a brafs tube, to the upper part of which is fi^- 
ed the condenfing lens before fpoken of; it fits into 
the under part of the flider-holder K L, and may be 
fet at different diftances from the ohjeCt, accordingto 
its diftance from the mirror or the candle. 

O is the frame which holds the two reflecting mir- 
rors, one of which is plane, the other concave. Thefe 
mirrors may be moved in various directions, in order 
to refleCt the light properly, by means of the pivots 
on which they move, in the femicircle QJ> R, and the 
motion of the femicircle itfelf on the pin S : the con- 
cave mirror generally anfwers bell in the day-time ; 
the plane mirror, combines better with the condenfing 
7 kns* 
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Microfcope lens, and a lamp or candle. At D there 13 a Tucket 

w— v — for receiving the pin of the arm Q^(fig. 31.), to which 
the concave fpeculum, for refledting light on opaque ob- 
jedts, is fixed. A t S is a hole and flit for receiving either 
the nippers L (fig. 3 1. Pl.ccci.) or the fifti-pan 1 5 when 
thefe are ufed, the Aider-holder mull be removed. T, 
a hole to receive the pin of the convex lensM, fig. 3 1. 

To nfe this microfcope : Take it out of the box. 
Screw the body into the round end of the upper part 
of the arm C D. Place the brafs Aiders, which con- 
tain the magnifiers, into the dove-tailed Ait which is 
on the under fide of the aforefaid arm, as feen at E, 
and Aide it forwards until the magnifier you mean 
to ufe is under the centre of the body : oppofite to 
each magnifier in this Ait there is a notch, and in 
the dove- tailed part of the arm CD there is a fpring, 
which falls into the above-mentioned notch, and thus 
makes each magnifier coincide with the centre of the 
body. Pafs the ivory Aider you intend to ufe between 
the upper plates of the Aider-holder KL. and then 
reflect as ftrong a light as you can on the object by 
means of one of the mirrors ; after this, adjuft the ob- 
ject to the focus of the magnifier and your eye, by 
turning the milled fcrew M, the motion of which raifes 
and depreffes the liage N I S. The degree of light 
neceilary for each ol jedt, and the accuracy required in 
the adjustment of the lenfes to their proper focal di- 
ftance from the object will be eaiily attained by a little 
pradtice. 

When opaque objedts are to be examined, remove 
the Aider-holder, and place the objedt on a flat glafs, 
or fix it to the nippers L, the pin of thefe fit into the 
hole on the ftage ; fcrew the concave fpeculum R 
into the arm Qj fig. 3 1 .), and then pafs the pin of this 
-arm through the locket D, fig. 12. the light is now 
to be refledted from the concave mirror to the filver 
fpeculum, and from this down on the objedt. No 
exact rule can be given for refledting the light on the 
object ; we mull therefore refer the reader to the mo- 
ther of all aptnefs, pradtice. The fpeculum mull be 
moved lower or higher, to fuit the focus of the dif- 
ferent magnifiers and the nature of the object. 

The foregoing diredtions apply equally to the ufing 
of this inftrument as a Jingle microfcope ; with this 
difference only, that the body AB is then removed, 
and. the eye is applied to the upper furface of the 
arm CD, exactly over the magnifiers. 

This microfcope is fometimes made with the follow- 
ing alterations , which are fuppofed to make it Hill 
more convenient and ufeful. The arm CD that car- 
ries the body and magnifiers is made both to turn on 
a pin, and to Aide backwards and forwards in a focket 
at C ; fo that, inftead of moving the objedts below on 
the ftage, and difturbing them, the magnifiers are more 
conveniently brought over any part of the objedts as 
defired. The condenfing glafs is made larger, and 
Aides upon the fquare bar CF quite diftindl from the 
ftage, like the mirrors below ; and it is thereby made 
ufeful for any other objedls that may be applied on 
glafles fitted to the ftage, as well as thofe put into 
the Aider-holder K. It is thereby not confined to 
this ftage alone, as in the preceding. When the 
body AB is taken away, the arm CD may be Aipt 
•laway from its bar, with the magnifiers, and the for- 
ceps, wire, and joint, applied to it ; and it there- 
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by ferves the purpofe of a fmall hand Angle or opaque Mcrofcope 
microfcope, for any objedi occafionally applied to this ~' v 
wire. The magnifiers in the Aider E are mounted in 
a wheel cafe, which perhaps prevents its being in the 
way fo much as the long Aider E before deferibed. — 

This contrivance is reprefented at X, fig. 1 2. 

4. Martinis New Unkierfal Compound Microfcope — . 

This inftrument was originally conftrudled by the 
late Mr B. Martin, and intended to comprife all the 
ufes and advantages of the fingle, compound, opaque, 
and aquatic microfcopes. The following is a deferip- 
tion of it as now made, with a few alterations, chiefly 
fuggefted (we are told) by Mr Jones of Holborn. 

Fig. 13. is a reprefentation of the inftrument placed plate 
up for ufe. A, B, C, D, is the body of the micro- CCXCIX. 
fcope : which conlifts of four parts, viz. AB the eye- 
piece, or that containing the eye glafles, and is ferew- 
ed into C, which is a moveable or Aiding tube on the 
top ; this inner tube contains the body-glafs ferewed 
into its lower part. D is the exterior tube or cafe, 
in which the other Aides up and down in an eafy and 
fteady manner. This motion of the tube C is ufeful 
to increafe or decreafe the magnifying power of the 
body-glafs when thought neceflary, as before mentioned. • 

E is a pipe or fnout ferewed on to the body of the mi- 
crofcope D, and at its lower part, over the feveral mag- 
nifying lenfes hereafter deferibed. FGH 1 is the iquare 
ftem of the microfcope, upon which the ftage R moves 
in an horizontal pofition, upwards or downward, by 
means of the fine rackwork of teeth and pinion. KL. 
is a ftrong folid joint and pillar, by which the pofition 
of the inftrument is readily altered from a vertical one 
to an oblique 0/ to a perfectly horizontal one, as may be 
required: it is thus well adapted to the eafe of the ob- 
ferver either fitting or Handing ; and as it is very 
often convenient to view objects by direct unrefledt- 
ed light, when the fquare ftem FI is placed in an 
horizontal pofition for this purpofe, the mirror T 
is then to be taken off in order to prevent the obftruc- 
tion of the rays. M is a circular piece of brafs, fer- 
ving as a bafe to the pillar. NOP, the tripod or foot 
by which the whole body of the microfcope is ftca- 
dily fupported; it folds up when packed into the cafe. 

W is a brafs frame, that contains the condenfing 
lens, and adts in conj million with the large con- 
cave and plane mirrors below at T ; the reflected rays 
from which, either of the common light or of that 
of a candle or lamp, it agreeably modifies, and makes 
fteady in the field of view. 

The particulars of the apparatus to this micro- 
fcope are as follow : Q^is a circular brafs box, 
containing fix magnifiers or objedi lenfes, number- 
ed 1,2, 3, 4, 5, 6; the digits of which appear fe- 
verally through a fmall round hole in the upper 
plate of it. To the upper fide is fixed a fmall circle 
of brafs, by which it is connected with, and ferew- 
ed into, the round end of the arm abed ; which is 
a long piece of brafs, and moves through either by 
teeth or pinion, or not, as may be defired, in ef ; 
which is a focket on the upper part of the pillar, and 
admits, with a motion both eafy and fteady, the brafs 
arm. R is a fixed ftage, upon which the objedls 
to be viewed are to be placed ; it is firmly fatten- 
ed to the fquare pillar, which is moved by the rack- 
work. In the middle is a large circular hole, for 
4X2 receiving 
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Microfcope receiving concave glafles, with fluids, See. it has alfo 
a Hiding fpring-frame to fallen down flips of glafs 
or other things: at abc are three fmall fockets or 
holes, intended to receive feveral parts of the appara- 
tus. S is the refra&or, or illuminating lens, for con- 
verging the fun’s rays upon opaque objedls laid upon 
the llage R. To this purpofe it moves on a femi- 
circle upon a long fliank^, in a fpring focket h , in the 
arm i ; this arm moving every way by a flout pin k in 
the fecket a of the llage. In this manner it is eafily 
adjulled to any pofition of the fun, candle, & c. — 
* T, the reflect ing-glafs frame, containing a concave 
and plane fpeculum, which is moved upon the fquare 
pillar by the hand. The ufe of it is to illuminate 
' all transparent objects that are applied to the llage 
above. 

Fig. 14. n° 1. is an auxiliary moveable llage ; which 
by means of a pin k is placed in the hole a of the flage 
R, and can be moved in an horizontal direction over 
the whole field of the flage. In this flage, there are 
three circular holes with fhouldered bottoms ; a 
large one in the middle, and on each fide a fmall 
one, for the reception of the three following neceffary 
articles : n° 2. a watch -glafs to be placed in the large 
hole, to hold fluids containing animalcules, &c. ; a 
circular piece of ivory, n° 3. one fide of which is black, 
the other white, to fupport opaque objects of different 
contralled colours ; and circular plane and concave 
glades, n° 4. for extemporaneous tranfparent objedls. — 
The fame ufe is made of the other fmall hole as of 
the large one, only in a leffer degree, to receive fmall 
con cave glades, plates, See. 

* Or that N° 5.* is the filvered fpeculum, called a Liberkhun , 
^ which makes the Angle opaque microfcope, by being 
(the n° ha- Screwed to the Aider abed (fig. 13.) in room of the box 
ving been of lenfes and the body AE above it. The chief 

omitted by u fe Q f this is to view very fmall objedls flrongly illu- 

the engra- m i na t e d near the compounded focus of the mirror 

' 1 ' T (fig. 13.) N° 6. is the forceps or pliers, for 

holding fuch kind of objedls, and by which they 
can be applied very readily to the focus of the lens 
in the liberkhun. They have a motion all ways by 
means of the fpring focket a , the joint b , and the 
lhank c : they are placed in the focket c of the fixed 
flage R (fig. 13.) N° 7. is a fmall piece of ivory, 
to be placed upon the pointed end of the pliers : 
it is black upon one fide, and white upon the other, 
to receive opaque objedts. 1 

N° 8. is a liberkhun of a larger fize than that 
firft mentioned, with a hole in its centre : this is 
ferewed into n°9. the hole a of a brafs ring, faf- 
tened to a long wire b ; which moves up and down 
in the fpring focket b of the flage R, in which it al- 
io moves Tideways ; and thus, with the body AE above, 
forms an aquatic compound microfcope for fhowing all 
forts of obje&s in water and other fluids placed under 
it in the watch-glafs n° 2. on the flage. 

N° 11. is a cone, with a proper aperture a to ex- 
clude fuperfluous light, that would diflurb a critical 
obfervation of a curious object ; it is placed on the 
under fide of the fixed flage R. 

1 2. is what is ufually called a bug-box, confift- 
ing of a concave glafs with a plane one ferewed over 
it l by means of which a bug, laufe, flea, &c. may be 
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fecured and viewed alive. It is to be placed on either Microfcope 
of the ftages R (fig. 13.), orn° 1 (fig. 14.) 

1 3/ is the fifh-pan. In the long concave body 
ab 9 a fifli may be fo confined by the ribband c , that 
the tranfparent tail may be in part over the flit or hole 
at a. In this flate, it is placed on the flage R, with 
the pin d in the hole c of the flage, and moves free- 
ly and horizontally for viewing the circulation of the 
blood, See. 

N° 1 4. is the Aider-holder that is placed on the flage 
R : it receives the Aiders and tubes when filled with 
tranfparent obje&s, to be viewed either by the com- 
pound or Angle microfcope. 

N° 1 5. reprefents the ivory Aider, to hold the obje&s 
between the talcs as ufual. 

* 16. is a ufeful auxiliary Aider framed in brafs. 

In this Aider fmall concave glaffes are cemented ; and 
a flip of plane glafs Aides over them ; by which any 
fmall living object, as mites, Sc c. may be confined 
without injury, and deliberately viewed. 

N° 17. reprefents a fet of glafs tubes, three in num- 
ber, one within another; they are ufeful for fmall tad- 
poles, water-newts, eels, See. when the circulation of 
the blood is to be viewed. There is a fmall hole at 
one end of each tube, that ferves to admit the air ; for 
when they are filled with water, the other end is flop- 
ped with a cork. 

N° 18. is a fmall ivory box, containing fpare talcs 
and wires, to fupply the Aiders with occafionally. 

N° 19. a brafs cell or button, containing a very 
fmall lens, properly fet between two fmall plates of 
brafs, that it may be brought very near to the objedl 
when viewed therewith as a Angle microfcope. This 
magnifier is ferewed into the fame hole as the wheel 
of fix magnifiers Qjire (fig. 13). 

N° 20. is a lens, adapted to view and examine ob- 
je6ls, by magnifying them fufficiently, fo as to be able 
to apply them to the microfcope for infpe&ion : ou 
this account it is called the explorator . 

The preceding are the chief articles of the appara- 
tus ; which, on account of their being fornewhat dif- 
ferent from what is applied to other microfcopes, we 
have been thus particular in deferibing. In ufing 
the microfcope, and while viewing objedls by either 
the Angle or <■ oound inftrument,the focal diftances 
of the magnii are made perfe&ly exa& by turn- 
ing of the pi at the nut w, in one way or the 

other, very 6 . in the teeth of the rack-work at 

X (fig. 13). 

It is neceffary that the centres of the object lenfes 
or magnifiers, the flage, and the mirrors at bot- 
tom, fliould all be in a right line in the axis of the 
microfcope, when opaque obje&s are to be viewed, . 
that are placed upon the ivory piece n° 7, or the for- 
ceps n° 6. and all other fuch fort of objects which are 
placed in the centre of the flage R, or Aider-holder 
n8 14: But when aquatic or living obje&s, which re- 
quire a great fpace to move in, are to be viewed, then 
the horizontal motion at ef (fig. 13.) is made ufe of, 
and the view may be extended laterally over the whole 
of the diameter of the obje& or field of view ; and 
by putting the arm abed forward or backward in 
its focket e /, the view is extended in the contrary 
direction equally well 5 and in this manner the whole 
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Microfcope 0 f the obje&s may be \iewed without the lead dif- 
turbance. 

As the brafs arm abed may be brought to the 
height of three or four inches above the ftage R ; fo, 
by means of the rack-work motion of the ftage, a 
lens of a greater focal diftance than the greateft in 
the wheel Q^may be occafionally applied in place of 
the wheel, and thereby the larger kind of obje&s be 
viewed ; the inftrument becoming, in this cafe, what 
is called a mcgalafcope. 

In viewing moving living obje&s, or even fixed ones, 
when nice motions are requifite, a rack- work and pi- 
nion is often applied to the arm abed: the arm is 
cut out with teeth; and the pinion, as fhown at Y, 
is applied to work it. This acts but in one direction; 
and, in order to produce an equally neceffary motion 
perpendicular to this, rack-work and pin on is applied 
tangent- wife to the ftage, which is then jointed. 

What has been related above refpedis the conftruc- 
tion of thofe denominated parlour microfcopes, in con- 
tradiftin&ion to thofe which are portable . their di- 
mentions, however, have been confiderably reduced 
by opticians, in older to render them fit for the 
pocket ; and as they are for the moft pail conftruded 
on nearly the fame principles as thofe which have been 
already deferibed, what has been faid will fufficiently 
inftruCt our readers in ufing any pocket microfcope 
whatever. Only it may be obferved, that in thofe re- 
duced inftruments, both the field of view and the mag- 
nifying power are proportionably diminifhed. 

We fhall conclude the account of this fort of mi- 
crofcope with deferiptions of a very portable pocket 
apparatus of microfcopic inftruments, and of a new mi- 
crofcopic pocket-telefcope, both invented by the late 
Mr B. Martin, and fince made by moft inftrument- 
makers in London. 

The former is reprefented at fig. 15. It con- 
fifts of two parts, viz. the body a b , and the pe- 
deftal ii, which is joined by a ferew at the part be- 
tween b and /. It confifts of three cylindric tubes, 
viz. (1.) the exterior tube, or cafe ab; (2.) a 
middle tube cb ; and (3.) the interior tube f g . — 
The middle tube cd is the adjufter; and is connected 
with the outer tube by the rack -work of teeth and pi- 
nion, as fhown at e : by which means it is moved up 
and down at pleafure through the fmalleft fpace, and 
carries with it the internal tube fg. The interior 
tube fg receives on its lower part at b the feveral cap- 
fules or boxes 2, 3, 4, 5, (fig. 16.) which contain the 
object lenfes or magnifiers. 

The method of ufmg this compound microfcope in 
the perpendicular pofition, is as follows. The ftage 
n° 1. is put within the exterior tube at b. Un- 
der the fprings are applied the four ivory Aiders, 
which contain a variety of tranfparent obje&s ; then 
move the interior tube fg up and down with the hand, 
till you difeern the objed in the Aider, and there let 
it reft. After this, turn the pinion at e very tenderly 
one way or the other, till you obtain a perfed view 
of the tranfparent objeds properly illuminated, from 
a mirror contained in the pedeftal or ftand i k , fuf- 
pended upon, and moveable about, the points of 
two ferews (IJJ. N° 6 . (fig. 16.) jeprefents a move** 
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able ftage, which is placed in the fpring focket m. It Microfdope' 
contains a concave glafs, for the reception of animal. ^ 1 1,1 
cules in fluids ; and has the advantage of bringing any 
part into view by moving the handle at n. If living 
and moving objects are required to be Aiown, they muft 
be confined in the concave, by putting a glafs cover, 
n° 7. upon the ftag-* ; and then a fmall fpider, a loufe, 
flea, bug, &c. may be feen, and the motion or circu- 
lation of the blood, &c. obferved with furpriiing di- 
ftindnefs. 

To view the circulation of the blood in the moft 
eminent degree, it muft be done by placing fmall frogs, 
tadpoles, water-newts, fifties, &c. in a tube as reprefent- 
ed n° 8. (fig. 17.) ; which tube is placed in the holes 0 
in the oppofite fides of the cafe ab , fig. 15. in the lower 
part. — N J 9. (fig. 16.) is a pair of pincers or pliers a\ 
for holding any objed ; the other end of the fteel wire 
is pointed to receive a piece of ivory b , with one end 
black, and the other white, on which you flick ob- 
jeds of different hue : this alfo, when ufed, is placed 
in the fpring focket m % 

To ufe this inftrument as a compound opaque, you 
ferew off the body part ah , and ferew to it the handle 
r (fig. 16.) ; by this means you may hold the micro- 
fcope in a horizontal pofition, as fhown in the figure. 

The filver dith or fpeculum (which is contained in the 
bottom or bafe k y fig. 15), is then ferewed on at b. 

N° 9. is placed in the fpring- focket w, and adjufted 
backward and forward in m, till the reflected light from 
the fpeculum falls in a proper manner on the opaque 
object. Either of the 4 magnifiers, 2, 3, 4, 5, may 
be ufed, and brought to a proper focus, as before de- 
feribed, by the tooth and pinion e (fig. 15,) If you take 
off the opaque apparatus, and apply the ftage n° 1 . (fig. 1 6. ) 
with an ivory Aider, and at the end b ferew in either of 
the two lenfes, n° 10. (which are diftinguifhed by the 
name of illuminators), the microfcope being held up to 
the light (and properly adjufttd), the whole field of 
view will be ftrongly illuminated, and prefent a moft 
pleafing appearance of any tranfparent objed. Thefe 
two convex lenfes are of different focufes, and are to 
be ufed fingly or together ; n° 2. being the greateft 
magnifier, will require the objed to be ftrongly illumi- , 
nated, and of courfe both the lenfes muft be ufed to- 
gether. By candle-light, this method of viewing tranf. 
parent objeds will prove very entertaining ; by ferew- 
ing the handle r into the part s of n° 10. it becomes 
a delightful hand megalafcope for viewing flowers, fof- 
fils, (hells, &c . ; and each lens, as before mentioned, 
having a different focus, produces two magnifying 
powers ufed fingly, and when combined a third. 

The manner of ufing this inftrument as a (ingle 
microfcope (like Wilfon’s) is reprefented in fig. 17. 
where the button or magnifier at each is to be ferewed 
off, and the circular piece n®n. is ferewed in its 
place. This piece has a fpring focket made to re- 
ceive the Aider holder n° 12. 13. is a circular 

piece of brafs, with a long (hank and fpring, and is 
introduced through the outfide tube ab at/. N° 2, 3, 

4, 5, are ferewed occafionally in the centre of this 
piece, and ufed as (ingle lenfes with ivory Aiders, 8c c. 

N° 14. contains a lens of a great magnifying power, 
f ^r viewing very minute objeds : to render this inftru- 
.uent the moft complete Angle opaque microfcope, you 
have only to ferew into n° 13. the filver fpeculum 
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♦ v * crefcope j which has a fmall lens fet in its centre. The 
Aider-holder n° 1 z is taken out of n* 1 1 , and the pincers 
or nippers d b, being detached from the other part of 
n° 9. are palled through the long fpring focket n° 11. 
and ready to receive any opaque body in the pincers 
or on thd black and white piece of ivory To the 
large fcrew of n° 13. are applied the two lenfes n° 10. 
which make it the completed megalafcope that can be 
de fired. 

The handle r contains the four ivory Aiders with 
objefts. 

The fhagreeen cafe which contains this univerfal mi- 
crofcope and its apparatus, is fix inches long, three 
inches wide, two inches deep, and weighs together 16 
ounces. Thus (fays Mr Martin) fo fmall, fo light, 
lo portable, and yet fo uniyerfally complete, is this 
pocket microfcopic apparatus, that you find nothing- 
material in the large three-pillared microfcope, the 
opaque microfcope, Wilfon’s Tingle microfcope, and 
the aquatic microfcope, all together, which you have 
not in this ; befide fome very confiderable advantages 
in regard to the held of view, &c. which they have 
not (a).” 

This inventive artifl having contrived a conftruc- 
tion of the compound microfcope / fo fmall as to ad- 
mit of being packed in a common walking cane, 
thought next of introducing the fame inftrument into 
the inhde of what he called his Pocket Three-brafs drawer 
Achromatic Telefcope . The fame eye-glafles that ferve the 
purpofe of a telefcope, anfwer as the compound magni- 
fier, for viewing tranfparent and opaque objects in a 
microfcope. 

Fig. 18, 19, 20. reprefent the telefcope feparated 
by unfcrewing it at ni, in order that the whole of 
the neceflary parts in ufe may be exhibited. Fig. 19. 
reprefents the exterior tube, which is of mahogany, 
and its rims of brafs. It is detached from the reft of 
the telefcope, as not making any part of the micro- 
fcope. The brafs cover k /, that {huts up the objeft- 
glai's of the telefcope, is alfo the box which contains 
the two-wheel object -frames, .and a fmall plain re Heft- 
ing mirror. 

In fig. 20. A is the cover taken off, by unfcrew- 
ing the top part : The mirror B is taken out ; and alfo, 
by unfcrewing the bottom part, the two circular wheels, 
with the objects fhown in C and D. 

Fig. 18. is a reprefentation of the three internal 
brafs Hiding tubes of the telefcope, which form the 
microfcopic part. The tubes are to be drawn out as 
fhown in this figure ; then, at the lower end of the 
large tube in the iniide, is to be pulled out a fhort 
tube bc y that ferves as a kind of ftage to hold the 
wheels with objefts, and fupport the reflecting mirror. 
This tube is to be partly drawn out, and turned fo 
that the circular hole that is pierced in it may coin- 
cide with a iimilar Hole that is cut in the exterior tube. 
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This tube is represented as drawn out in the figure } Micrr,fcftp$ 

and the mirror B placed therein, and the wheel 

with tranfparent objetls. C (fig. 20.) reprefents the 

wheel with tranfparent objefts, and D the wheel with 

opaque objefts. They are both made of ivory ; and 

turn round upon a centre brafs pin flit upon the top, 

which fits upon the edge of the tube ; which tube 

is then to be pufhed up into the telefcope tube, fo 

that its lower end may reft upon the upper edge of the 

wheel according to its view at a fig. 18. 

In viewing the objefts, the fecond brafs tube of the 
telefcope mult be pufhed down, till its milled edge at 
top falls upon that of the exterior tube ; taking care 
that the circular hole is duly placed to the exterior one. 

Thefe circular holes are not feen in fig. 18. being 
fuppofed in the oppofite fide, where the wheel is fixed. 

The adjuftment for the focus is now only neceflary ; 
which is obtained by pufhing downwards or upwards 
the proper tube, till the objeft appear quite diilinft. 

In viewing tranfparent objefts, the initrument may 
be ufed in two pofitions ; one vertical, when the light 
is to be refiefted upon the objeft by the mirror ; the 
other, by looking up direftly againft the light of a 
candle, common light, &c. ; in which cafe the mirror 
mufl be taken away. In viewing opaque objedts, the 
mirror is not ufed : but as much common light as pof- 
Able mufl be admitted through the ciicular hoies iu 
the Tides of the tubes. 

There is a fpare hole in the tranfparent wheel, and 
alfo one in the opaque, to receive any occafional objeft 
that is to be viewed. Any fort of objeft whatloever 
may be viewed, by only pulhing up the microfcope 
tube into its exterior, and bringing the Aril eye-tube 
to iis focal diftance from the objeft. 

The brafs tubes are fo contrived, that they flop 
when drawn out to the full length : fo that by 
applying one hand to the outlide tube, and the 
other to the end of the fmalleil tube, the telefcope at 
one pull may be drawn out ; then any of the tubes 
(that next to the eye is befl) may be pufhed in gra- 
dually, till the moil diflinft view of the objeft be ob- 
tained. 

The tubes all Aide through fhort brafs fpring tubes, 
any of which may be unferewed from the ends of tiie 
Aiding tubes by means of the milled edges which pro- 
ject above the tubes, taken from each other, and the 
fprings fet clear if required. 

III. Of Solar Micr of copes. 

This inftrument, in its principle, is compofed of a 
tube, a looking-glafs or mirror, a convex lens, and 
Wilfon’s Angle microfcope before deferibed. The fun’s 
rays being refiefted through the tube by means of the 
mirror upon the objeft, the image or pifture of 
the objeft is thrown diftinftly and beautifully upon 
a fereen of white paper or a white linen fheet, placed 
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(a) Notwithftanding the properties that hav^ been aferibed to the above inftrument, and the praifes be* 
flowed upon *it by fome, which induced us to admit fo minute a defeription ; we mull apprife our readers, 
that it has been omitted in Mr Adams’s enumeration : and upon inquiry we learn, that it has fallen into 
.negleft among the moil judicious opticians, being found too imperfeft to ferve the purpofes of fcience, and 
too complicated for the ufe of perfons who feek only entertainment. 
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>ficrofcope at a proper diftance to receive the fame ; and may be 
magnified to a fize not to be conceived by thofe 
who have not feen it : for the farther the fcreen is re- 
moved, the larger will the objedl appear ; infomuch, 
that a loufe may thus be magnified to the length of five 
or fix feet, or even a great deal more ; though it is 
more diltindt when not enlarged to above half that 
fize 

The different forms in which the Solar Microfcope 
is conftrudled, are as follow. 

I. i he old conftrudtion is reprefented in fig. 21. A 
is a fquare wodden frame, through which pafs two 
long fcrews aflifted by a couple of nuts 1,1. By thefe 
it is fattened firmly to a window fhutter, wherein a hole 
is made for its reception ; the two nuts being let into 
the fhutter, and made faft thereto. A circular hole 
is made in the middle of this frame to receive the piece 
of wood B, of a circular figure ; whole edge, that 
projects a little beyond the frame, compofes a (hallow 
groove 2, wherein runs a catgut 3 ; which, by twill- 
ing round, and then crofting over a brafs pulley 4, 
(the handle whereof 5, paffes through the frame), 
affords an eafy motion for turning round the circular 
piece of wood B, with all the parts affixed to it. C 
is a brafs tube, which, fcrcwing into the middle of the 
circular piece of wood, becomes a cafe for the unco- 
vered brafs tube D to be drawn backwards or forwards 
in. E is a fmailer tube, of about one inch in length, 
cemented to the end of the larger tube D. F is 
another brafs tube, made to flide over the above de- 
fcribed tube E ; and to the end of this the microfcope 
mult be fcrewed, when we come to ufe it. 5. a con- 
vex lens, whofe focus is about 12 inches, defigned to 
coliedl the funks rays, and throw them more itrongly 
upon the objedl. G is a looking-glafs of an oblong 
figure, fet in a wooden frame, faitened by hinges in 
the circular piece of wood B, and turning about 
therewith by means of the abovementioned cat-gut. 
H is a jointed wire, partly brafs and partly iron ; 
the brafs part whereof 6, which is Mat, being fatten- 
ed to the mirror, and the iron part 7, which is 
round, palling through the wooden frame, enable the 
obferver, by putting it backwards or forwards, to ele- 
vate or deprefs the mirror according to the fun’s alti- 
tude. There is a brafs ring at the end of the jointed 
wire 8, whereby to manage it with the greater eafe. 

' The extremities of the cat-gut are fattened to a brafs 
pin, by turning of which it may beTraced up, if at 
any time it becomes too flack. 

When this microfcope is employed, the room mutt 
be rendered as dark as poflible ; for on the darknefs 
of the room, and the brightnefs of the funihine, de- 
pend the fharpnefs- and perfection of your image. 
Then putting the looking-glafs G through the hole in 
your window-fh utter, fatten the fquare frame A to the 
fhutter by its two fcrews and nuts 1,1. This done, 
adjufl your looking-glafs to the elevation and iltuation 
of the fun, by means of the jointed wire H, together 
with the cat-gut and pulley, 3, 4. For the firfl of 
thefe railing or lowering the glafs, and the other in- 
clining it to either fide, there refults a twofold mo- 
tion, which may eafily be fo managed as to bring the 
glafs to a right pofition, that is, to make it refledl the 
fun’s rays diredlly through the lens 5, upon the paper 
fcreen, and form thereon a fpot of light exadlly round. 
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But though the obtaining a perfedl circular fpot of Mlcrofceps- 

light upon the fcreen before you apply the micro- ~ ^ m * 

fcope, is a certain proof that your mirror is adjufled 

right, that proof mutt not always be expedled : for the 

fun is fo low in winter, that if it fhi-ne in a diredl line 

againtt the window, it cannot then afford a fpot of 

light exadlly round ; but if it be on either lide, a 

rountbfpot may be obtained, even in December. As 

foon as this appears, ferew the tube C into the brafs 

collar provided for it in the middle of your wood- work, 

taking care not to alter your looking-glafs : then 

ferewing the magnifier you choofe to employ to the 

end of your microfcope in the ufual manner, take away 

the lens at the other end thereof, and place a bidet, 

containing the obje&s to be examined, between the 

thin brafs plates, as in the other ways of uftng the 

microfcope. 

Things being thus prepared, ferew the body of 
the microfcope over the fmall end E of the brafs tube 
F ; which flip over the fmall end E of the tube D, 
and pull out the faid tube D lefs or more as your ob- 
ject is capable of enduring the fun’s heat. Dead ob- 
jects may be brought within about an inch of the 
focus of the convex lens 5 ; but the diftance mutt 
be fhortened for living creatures, or they will foon be 
killed. 

If the light fall not exactly right, you may ealily, 
by a gentle motion of the jointed wire and pulley, di- 
redl it through the axis of the mtcrofcopic lens. The 
fnort tube F, to which the microfcope is fcrewed,- 
renders it eafy, by Hiding it backwards or forwards on 
the other tube E, to bring the objects to their focal 
diflance ; which will be known by the fharpnefs and 
clearnefs of their appearance : they may alfo be turn- 
ed round by the fame means without being in the leatt 
difordered. ' 

The magnifiers mod ufeful in the folar microfcope 
are in general, the fourth, fifth, or fixth. The fcreen 
on which the reprefentations of the objedls are thrown, 
is ufually compofed of a flieet of the larged elephant 
paper, ftrained on a frame which bides up or do v\ n, or 
turns about at pleafure on a round wooden pillar, af- 
ter the manner of fome fire*fcreens. Larger force ns 
may alfo be made of feveral fheets of the fame paper • 
patted together on cloth, and let down from the ceil- 
ing with a roller like a large map. 

“ This microfcope (fays Mr Baker) is the mod 
entertaining of any ; and perhaps the mod capable- 
of making difeoveries in objects that are not too 
opaque : as it (hows them much larger than can be 
done any other way. There are alfo feveral conver 
niences attending it, which no other microfcope can 
have : for the weakeft eyes may ufe it without the 
lead (training or fatigue : numbers of people together 
may view any objedl at the fame time ; and by point- 
ing to the particular parts thereof, and dilcourling 
on what lies before them, may be able better to un- 
derftand one another, and more likely to find out the 
truth, than in other microfcopes, where they mutt ptep 
one after another, and perhaps fee the objedl neither 
in the fame light nor in the fame pofitiom Thofe 
alfo, who have no (kill in drawing, may, by this con- 
trivance, eafily fketch out the exadl figure of any ob- 
jedl they have a mind to preferve a pidlure of ; fince 
they need only fatten a paper on the fcreen* and. trace. 
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^ Microfcope out thereon either with a pen or pencil, as it ap- 
v ’ vnr pears before them. It is worth the while of thofe who 
are defirous of taking many draughts in this way, to 
get a frame, wherein a fheet of paper may be put in 
or taken out at pleafure ; for if the paper be fingle, 
the image of an object will be feen alrrlod as plainly 
on the back as on the fore-fide ; and, by (landing be- 
‘ hind the fcreen, the (hade of the hand will not ob- 
flrudt the light in drawing, as it mud in fome degree 
when one (lands before it.” This condru&ion, how- 
ever, has now become rather obfolete, and is fuper- 
feded by the following. 

II. *The improved Solar Microfcope , as vfed with the 
improved fingle Micro [cope . with teeth and pinion. Fig. 2 2. 
represents the whole form of the Jingle micro/cope ; the 
parts of which are as follows : ABCD the external 
tube; GHIK the internal moveable one; QM part 
of another tube within the lad, at one end of which 
is fixed a plate of brafs hollowed in the middle, for re- 
'Ceiving the glafs tubes : there is alfo a moveable flat 
plate, between which, and the fixed end of the fecond 
tube, the ivory Aiders are to be placed. L, a part 
of the microfcope, containing a wire fpiral fpring, 
keeping the tube QM with its plates firm againd the 
fixed part IK of the fecond tube. 

EF is the fmall rack-work of teeth and pinion, by 
which the tube IG is moved gradually to or from the 
end AB, for adjuding the objefls exa< 5 lly to the focus 
of different lengths. NO is a brafs Aider, with fix 
magnifiers; any one of which may eafily be placed be- 
foie the objedl. It is known when either of the glades 
is in the centre of the eye* hole, by a fmall fpring fall- 
ing into a notch in the fide of the Aider, made againd 
each of the glades. Thofe parts of the apparatus, fig. 14. 
(Pl.ccxcix.) marked n° 15, 16, 17, 18, 19,20, 21. and 
22. are made ufe of here to this microfcope. GH is a 
brafs cell, which holds an illuminating glafs for con- 
verging the fun’s beams or the light of a candle drong- 
ly upon the objects. The aperture of the glafs is made 
greater or lefs, by two circular pieces ©f brafs, with 
holes of different fizes, that are fcrewed feparately 
over the laid lens. But at times, obje&s appear bed 
when the microfcope is held up to the common light 
only, without this glafs. It is alfo taken away when 
the microfcope is applied to the apparatus now to be 
defcribed. 

Fig. 23. reprefents the apparatus, with the fingle 
microfcope fcrewed to it, which conditutes the Soiar 
Microfcope, AB is the inner moveable tube, to which 
the (ingle microfcope is fcrewed. CD, is the exter- 
nal tube, containing a condenfing convex glafs at 
the end D, and is fcrewed into the plate EF, which 
is cut with teeth at its circumference, and moved by 
the pinion I, that is fixed with the plate GH. This 
plate is fcrewed fad againd the window-Aiutter, or 
board fitted to a convenient window of a darkened 
room, when the indrument is ufed. KL is a long 
frame, fixed to the circular plate EF ; containing 
a looking-glafs or mirror for refledling the folar rays 
through the lens in the body of the tube D. O is a 
brafs milled head, fadened to a w r orm or endlefs fcrew; 
>which on the outfide turns a fmall wheel, by which the 
refledling mirrorMis moved upwards or downwards. 

In ufing this microfcope, the fquare frame GH 
is fird to be fcrewed to the window (hutter, and the 


room well darkened : which is bed done by cutting Microfcope 
a round hole of the fize of the moveable plate EF, 
that carries the refle&or, in the window-fhutter or 
board ; and, by means of two brafs nuts a a , let in- 
to the (hutter to receive the fcrews PP, when placed 
through the holes in the fquare frame GH, at the two 
holes QQj which will firmly faden the microfcope to " 

the fliutter, and is eafily taken away by only unfcrew- 
ing the fcrews PP. 

The white paper fcreen, or white cloth, to receive 
the images, is to be placed feveral feet didant from 
the window : which will make the rep refentat ions the 
larger in proportion to the didance. The ufual dif- 
tances are from 6 to 16 feet. 

The frame KL, wfith its mirror M, is to be moved 
by turning the pinion I, one way or the other, 
till the beams of the fun’s light come through the 
hole into the room : then, by turning of the worm at 
O, the mirror mud be raifed or depreffed till the rays 
become perfectly horizontal, and go flraight acrofs the 
room to the fcreen. The tube CD, with its lens at 
D, is now to be fcrewed into the hole of the circular 
plate EF: by this glafs the rays will be converged to a 
focus; and from thence proceed diverging to the fcreen, 
and there make a large circle of light. The fingle mi- 
crofcope, fig. 22. is to be fcrewed on to the end AB 
(fig- 23.) of the inner tube ; and the Aider NO, with 
either of the lenfes marked 1, 2, 3, 4, or 6, in the 
centre of the hole at the end AB. This will occafion 
a circle of light upon the fcreen much larger than be- 
fore. The Aider or glafs-tube, with the obje&s to be 
viewed, is to be placed between the plates at IK againd 
the fmall magnifier, and moved at pleafure. By (hift- 
ing the tube AB in or out, you may place the obje6t 
in fuch a part of the condenfed rays as (hall be fuffi- 
cient to illuminate it, and not fcorch or burn it ; which 
will generally require the glafs to be about one inch 
didant from the focus. It now remains only to adjuft 
the objedl, or to bring it fo near to the magnifier that 
its image formed upon the fcreen (hall be the mod dif- 
tindl or perfetl : and it is effected : by gently turning 
the pinion F, fig. 22, a fmall matter one way or the 
other. If the objeft be rather large in fize, the lead 
magnifiers are generally ufed, and vice verfa . 

N° 1. is the greated magnifier, and n° 6. the lead, 
in the brafs Aider NO. But, if defired, fingle lenfes’ 
of greater magnifying powers are made : and they are 
applied, by being fcrewed to the end A B, fig. 22. and 
the brafs Aider N O is then taken away. 

The fame objed may be variouAy magnified, by the 
lenfes feverally applied to it ; and the degree of mag- 
nifying power is eafily known by this rule ? As the dif- 
tance of the objeB is to that of its image from the magni- 
fier ; fo is the length or breadth of the objett to that of the 
image. 

Indead of the brafs Aiders with the lenfes NO, 
there is fometimes fcrewed a lens of a large fize, and 
longer focal didance: the indrument is then converted 
into a megalafcope ; and is adapted for viewing the 
larger kind of objedls contained in large Aiders, fuch 
as is reprefented at R. And, in the fame manner, 
fmall obje&s of entertainment, painted upon glafs like 
the Aiders of a magic lanthorn, are much magnified, 
and reprefented upon the fame fcreen. 

The folar microfcopes jud defcribed are capable, on- 

l Y 
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Mi rnfcopely of magnifying tranfparent obje&s ; for which pur- 
V “" p 0 f e the l a ft inftrument is extremely well adapted. 

But as opaque obje&s form the mod conliderable part 
of the curious collections in the works of art as well 
as nature, a folar microfcope for this purpofe was a 
long time wanted. — For feveral years previous to i 774, 
the late Mr Martin made feveral effavs towards the 
conftru&ion of fuch an intlrument ; and at lait com- 
pleted one about the time juft mentioned, which he 
named, 

III. The Opaque Solar Microfcope . With this in- 
ftrument (to ufe his own words) all opaque objects, 
whether of the animal, vegetable, or mineral king- 
dom, may be exhibited in great perfection, in all their 
native beauty ; the lights and fhades, the prominences 
and cavities, and all the varieties of different hues, tints, 
and colours ; heightened by reflection of the folar rays 
condenfed upon them.” — Tranfparent objects are alfo 
Aiown with greater perfection than by the common 
folar microfcope. 

Fig. 24. reprcfents the folar opaque microfcope, 
mounted for exhibiting opaque objeCts. 

Fig. 25. is the fingle' tooth-and-pinion microfcope, 
as before, which is ufed for {bowing tranfparent ob- 
jects ; the cylindrical tube Y thereof being made to fit 
into the tube FE of the folar microfcope. 

ABCDEF, (fig. 24.) reprefents the body of the 
folar microfcope ; one part thereof, A BCD, is coni* 
cal ; the other, CDEF, is cylindrical. The cylindri- 
cal part receives the tube G of the opaque box, or the 
tube Y of the fingle microfcope. At the large end 
AB of the conical part, there is a lens to receive the 
rays from the mirror, and refraft them towards the 
box HIKL. NOP is a brafs frame ; which is fixed 
to the moveable circular plate abc : in this frame there 
is a plane mirror, to reflecl the folar rays on the afore- 
mentioned lens. This mirror may be moved into the 
moft convenient pohtion for reflecting the light, by 
means of the nuts Qjmd R. By the nut Qjt may be 
moved from eaft to weft ; and it may be elevated or 
depreffed by the nut R. d e , Two ferews to fallen the 
microfcope to a winaow-fhutter. The box for opaque 
objeCls is reprefented at HIKL : it contains a plane 
mirror M, for reflecting the light which it receives from 
the large lens to the objeCl, and thereby illuminating 
it ; S is a ferew to adjuft this mirror, or place it at a 
proper angle for reflecting the light. VX, two tubes 
of brafs, one Aiding within the other, the exterior one 
in the box HIKL; thefe carry the magnifying lenfe3 : 
the interior tube is fometimes taken out, and the ex- 
terior one is then ufed by itfelf. Part of this tube may 
be feen in the plate within the box HIKL. At H 
there is a brafs plate, the back part of which is fixed 
-to the hollow tube h y in which there is a fpiral wire, 
which keeps the plate always bearing againft the fide 
H of the brafs box HIKL. The Aiders, with the 
opaque obje&s, pafs between this plate and the fide of 
the box ; to put them there, the plate is to be drawn 
back by means of the nut g : ik is a door to one fide of 
the opaque box. The foregoing pieces conftitute the 
feveral parts neceffary for viewing opaque objeCls. We 
Aiall now proceed to deferibe the fingle microfcope, 
which is ufed for tranfparent objeCls : but in order to 
. examine thefe, the box HIKL muft be firft removed, 
Vol.XI. Part II. 


and in its place wc muft infert the tube Y of the Angle M crofrnpe 
microfcope that we are now going to deferibe. — v-—-* 

Fig. 25. reprefents a large tooth-and-pinion micro- 
fcope : at m y within the body of this microfcope, are 
two thin plates, that are to be feparated, in order to 
let the ivory Aiders pafs between them; they are pref- 
fed together by a fpiral fpring, which hears up the 
under plate, and forces it againft the upper one. 

The Aider S (under Ag. 24.), which contains the 
magnifiers, fits into the hole n ; and any of the magni- 
fiersmay be placed before the objeCl, by moving the 
aforefaid Aider: when the magnifier is at the centre of 
the hole P, a fmall fpring falls into one of the notches 
which is on the fide of the Aider. 

Under the plate m are placed two lenfes, for en- 
larging the field of view on the'fcreen : the fmaller of 
the two is fixed in a piece of brafs, and is nearefl the 
plate m; this is to be taken out when the magnifiers, 

N°4, 5, or 6, are ufed, or when the megalafcope lens 
T (fig. 24. ) is ufed ; but is to be replaced for N 1 ' 1,2,3. 

This microfcope is adjufted to the focus by turning 
the milled nut O. 

'To ufe the folar microfcope : — Make a round hole 
in the window-fhutter, a little larger than the circle 
a be ; pafs the mirror ONP through this hole, and 
apply the fquare plate to the fliutter ; then mark, 
with a pencil the places which correipond to the two 
holes through which the ferew is to pafs ; take away 
the microfcope, and bore two holes at the marked 
places, fufiiciently large to let the milled ferews de pafs 
through them. 

The ferews are to pafs from the outfide of the fiiut- 
ter, to go through it ; and being then ferevved into 
their refpeCtive holes in the fquare plate, they will, 
when ferewed home, hold it fail againft the inilde of 
the Anitter, and thus fupport the microfcope. 

Screw the conical tube ABCD to the circles bc y 
and then Aide the tube G of the opaque box into the 
cylindrical part CD EF of the body, if opaque objects 
are to be examined; but if they be tranfparent objeCls 
you mean to Aigw, then place the tube Y within the 
tube CDEF. 

The room is to be darkened as much as pofiible, 
that no light may enter but what paffes through the 
body of the microfcope ; for, on this circum fiance, 
together with the brightnefs of the fun fhine, the per- 
fection and diftin&nefs of the image in a great meafure 
depend. 

When the microfcope is to be ufed for opaque ob- 
je&s, 1. Adjuft the mirror NOP, fo as to receive the 
folar rays, by means of the two finger ferews or nuts, 

Q^R ; the firft, turns the mirror to the right or 

left ; the fecond, R, raifes or depreffes it : this you 
are to do till you have refie&ed the fun’s light through 
the lens at AB ftrongly upon a fereen of white paper 
placed at fome diftance from the window, and formed 
thereon a round fpot of light. An unexperienced ob- 
ferver will find it more convenient to obtain the light 
by forming this fpot before he puts on either the 
opaque box or the tooth-and-pinion microfcope. 

Now put in the opaque box, and place the objeCl 
between the plates at H ; open the door ih y and ad- 
juft the mirror M till you have illuminated the objeCl 
ftrongly. If you cannot effeCl this by the ferew S, 

4 Y you 
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Microfcope you muft 4nove the fcrews R, in order to get the 
light refleded flrongly from the mirror NOP, or the 
mirror M, without which the latter cannot illuminate 
the objed. 

The objed being flrongly illuminated, {hut the door 
ti 9 and a diftind view of the objed will foon be 
obtained on your fcreen, by adjuiling the tubes VX, 
which is effeded by moving them backwards or for- 
wards. 

A round fpot of light cannot always be procured in 
northern latitudes, the altitude of the fun being often 
too low ; neither can it be obtained when the fun is 
diredly perpendicular to the front of the room. 

As the fun is continually changing its place, it 
will be neceffary, in order to keep his rays full upon 
the objed, to keep them continually direded thro’ the 
axis of the inftrument, by the two fcrews Qjmd R. 

To view tranfparent objeds, remove the opaque box, 
and infert the tube Y, fig. 25. in its place; put the 
Aider S into its place at n 9 and the flider with the ob- 
jeds between the plates at m ; then adjuft the mirror 
NOP, as before direded by the fcrews R, fo that 
the light may pafs through the objed ; regulate the 
focus of the magnifier by the fcrew O. The mofl 
pleafing magnifiers in ufe are the fourth and fifth. 

The fize of the objed may be increafed or dimi- 
nifhed, by altering the diflance of the fcreen.from the 
microfcope : five or fix feet is a convenient diflance. 

To examine tranfparent objeds of a larger fize, or 
to render the inftrument what is ufually called a mega* 
lafr.ope 9 take out the flider S from its place at and 
fcrew the button T (fig. 24.) into the hole at P, fig. 2£. 
and remove ;the glafs which is under the plate at m 9 
and regulate the light and focus agreeable to the fore- 
going dircdions. 

N. B. At the end of the tube G there is a lens for 
increaiing the denfity of the rays, for the purpofe of 
burning or melting any combuftible or fulible fu'b- 
ilance : this lens muft be removed in mofl cafes, left 
the objeds fhould be burnt. The intenfity of the 
light is alfo varied by moving this tube backwards or 
forwards. 

Apparatus of the Opaque Solar Microfcope . — The large 
fquare plate and mirror; the body of the microfcope; 
the opaque box and its tube ; the tooth-and- pinion 
microfcope ; the flider with the magnifiers ; the me- 
galafcope magnifier; the two fcrews d and e ; fome 
ivory Aiders; fome Aiders with opaque objeds ; a brafs 
frame, witha bottom of foft deal to flick any objed on ; 
a. brafs cylinder K (fig. 31-)? ^ or confining opaque ob- 
jeds. 

IV. The Camera Qsscura , or Lucernal 9 Microfcope . 

— The great facility with which objeds can be repre- 
fented on paper or a rough glafs in the camera obfcura, 
, -and copies drawn from them by any perfon though 
un (killed in drawing, evidently fuggefted the applica- 
tion of the microfcope to this inftrument. The great- 
eft number of experiments that appear to have been 
made with this view, were by the late Mr Martin and 
Mr Adams ; the former of whom frequently applied 
the microfcope to the portable camera, and with much 
effed and entertainment. But thtfe inftruments being 
found to anfwer only with the afliftsmce of the fun, 
Mr Adams direded his- experiments to the conftruo 


tion of an inftrument of more extended utility, which Microfcope 
could be equally employed in the day-time and by 
night. He accordingly fucceeded fo far as to pro- 
duce, by candle-light* the images of objeds rcfraded 
from a Angle magnifier upon one or two large convex 
lenfes (of about live inches or upwards in diameter), 
at the end of a pyramidal fhapcd box, in a very piea- 
fing and magnified appearance, fo as to give opaque 
objeds as well as tranfparent ones the utmoft diftind- 
nefs of reprefentation : but* ftill the light of a candle 
or lamp was found generally infufficient to throw the 
requifite degree of illumination upon the objeds. The 
invention of what ia called Argutid's lafnp 7 within theie 
few years offered a complete icmedy for this defed, by 
the intenfity and fteadinefs of its light. This did not 
efcape the prefent Mr Adaim (fon of the former), 
who immediately applied it ; and who had likewife fo 
altered and improved his father’s inftrument, both in 
conftrudion and form, as to render - it altogether a 
different one, and far more perfed and ufeful. 

The advantages and properties of this excellent- 
ly conceived inftrument are numerous and import- 
ant. “ As the far greater part of the objeds which 
furround us are opaque (fays our author), and very 
few are fufliciently tranfparent to be examined by the 
common microfcopes, an inftrument that could be 
readily applied to the examination of opaque objeds 
has always been a defideratum. Even in the exami- 
nation of tranfparent objeds, many of the fine and 
more curious portions are loft, and drowned, as it weve, 


in the light which muft be tranfmitted through them ; 
while different parts of the fame objed appear only 
as dark lines or fpots, becaufe they are fo opaque aa 
not to permit any light to pafs through them. Thefc 
difficulties, as well as many more, are obviated in the 
lucernal microfcope ; by which opaque objeds of va- 
rious fizes may be feen with eafe and diftin&nefs : the 
beautiful colours with which moft of them are adorn- 
ed, are rendered more brilliant, without changing in 
the leaft the real tint of the colour ; and the concave 
and convex parts retain alfo their proper form. — The 
facility with which all opaque objeds are applied to 
this inftrument, is another confiderabie advantage, and 
aim oft peculiar to itfelf ; as the texture and configu- 
ration ol the more tender parts are often hurt by pre- 
vious preparation, every objed may be examined by 
this inftrument, firll as opaque, and afterwards (if the 
texture will admit of it) as tranfparent. — The lucer- 
nal microlcope does not in the leaft fatigue that eye ; 
the objed appears like nature itfelf, giving eafe to the 
fight and pleafure to the mind : there is alfo, in the 
ufe' of this inftrument, no occafion to (hut the eye 
which is not direded to the objed. A further ad- 
vantage peculiar to this microfcope is, that by it the 
outlines of every objed may be taken, even by thofe 
who are not accuftomed to draw; while thofe who 
can draw well will receive great affiftance, and execute 
their werk with more accuracy and in lefs time than 
they would otherwife have been able to have perform- 
ed it. Tranfparent objeds -as well as opaque may be 
copied in the fame manner.- The inftrument may be 
ufed at any time of the day, but the beft effed is by 
night ; - in which refped it has a fuperiority over the 
folar microfcope, as that inftrument can only be ufed 
when the fun Ihines. 
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Microfcope Tranfparent obje&s may be examined with the lu- 
*— — > — cernal microfcope in three or four different modes, 
from a blaze of light almofl too great for the eye to 
bear, to that which is perfe&ly eafy to it : And by 
the addition of a tin lanthorn to the apparatus, may 
be thrown on a fcreen, and exhibited at one view to 
a large company, as by the folar mircofcope. 

We {hall now proceed to the defcription of the in- 
ftrument and apparatus as given by Mr Adams. 

Fig. 26. reprefen ts the improved Lucemal Microfcope y 
mounted to view opaque objefts. ABCD is a large 
mahogany pyramidal box, which forms the body of 
the microfcope ; it is fupported firmly on the brafs 
pillar FG, by means of the focket H and the curved 
piece IK. 

LMN is a guide for the eye, in order to diredl it 
in the axis of the lenfes; it confifts of two brafs tubes, 
one Aiding within the other, and a vertical flat piece, 
at the top of which is the hole for the eye. The outer 
tube is feen at MN, the vertical piece is reprefented 
at LM. The inner tube may be pulled out, or pufh-' 
ed in, to adjuft it to the focus of the glafles. The 
vertical piece may be raifed ordeprefled, that the hole, 
through which the obje& is to be viewed, may coin- 
cide with the centre of the field of view ; it is fixed by 
a milled ferew at M, which could not be fhown in this 
figure. 

At N is a dove-tailed piece of brafs, made to re- 
ceive the dove-tail at the end of the tubes MN, by 
which it is affixed to the wooden box ABCDE. The 
tubes MN may be removed from this box occafionally, 
for the convenience of packing it up in a lefs com- 
pafs. 

OP, a fmali tube which carries the magnifiers. 

O, one of the magnifiers; it is ferewed into the end 
of a tube, which Aides within the tube P ; the tube 
P may be unferewed occafionally from the wooden 
body. 

Q_RSTVX, a long fquarebar, which pafles through 
the fockets YZ, and carrries the ft age or frame that 
holds the objects ; this bar may be moved backward 
or forward, in order to adjuft it to the focus by means 
of the pinion which is at <2. 

by A handle furnifhed with an univerfal joint, for 
more conveniently turning the pinion. When the 
handle is removed, the nut (fig. 27.) may be ufed in 
its ftcad. 

(le y A brafs bar, to fupport the curved piece KI, 
and keep the body AB firm and fteady. 

f g h i y The ftage for opaque objedls : it fits upon 
the bar QRST by means of the focket hi, and is 
brought nearer to or removed farther from the mag- 
nifying lens by turning the pinion a : the objedls are 
placed in the front fide of the ftage (which cannot be 
feen in this figure) between four fmali brafs plates ; 
the edges of two of thefe are feen at h /. The two 
upper pieces of brafs are moyeable ; they are fixed to 
a plate, which is adled on by a fpiral fpring, that 
prefles them down, and confines the Aider with the 
objedls : this plate, and the two upper pieces of brafs, 
are lifted up by the fmali nut m. 

At the lower part of the ftage, there is a femicircu* 
lar lump of glafs n , which is defigned to receive the 
light from the lamp, fig. 29. and to colled! and throw 
.it on the concave mirror o 9 whence it is to be refledled 
on the objedl. 
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The upper part fgrs (fig. 26.) of the opaque ftage M 
takes out, that the ftage for tranfparent objedls may 
be inferted in its place. 

Fig. 28. reprefents the ftage for tranfparent objedls; 
the two legs 5 and 6 fit into the top of the under 
part rshi of the ftage for opaque objedls; 7 is the 
part which confines or holds the Aiders, and through 
which they are to be moved ; 9 and 10 a brafs tube, 
which contains the lenfes for condenfing the light', and 
throwing it upon the objedl ; there is a fecond tube 
within that, marked 9 and 10, which may be placed 
at different diftances from the objedl by the pin 1 1. 

When this ftage is ufed as a Angle microfcope, 
without any reference to the lucernal, the magnifiers, 
or objedl lenfes, are to be ferewed into the hole 12, 
and to be adjulled to a proper focus by the nut 13. 

N. B. At the end AB (fig 26.) of the wooden body 
there is a Aider, which is reprefented as partly drawn 
out at A: when quite taken out, three grooves will 
be perceived; one of which contains a board that forms 
the end of the box ; the next contains a frame with a 
greyed glafs ; and the third, or that fartheft from the 
end AB, two large convex lenfes. 

Fig. 29. reprefents one of Argand’s lamps, which 
are the moft fuitable for microfcopic purpofes, on ac- 
count of the clearnefs, the intenfity, and the fteadinels 
of the light. The following account of the method 
of managing them, with other obfervations, is copied 
from an account given by Mr Parker with thofe he 
fells. 

The principle on which the lamp adls, confifts in 
difpofing the wick in thin parts, fo that the air may 
come into contadl with all the burning fuel ; by which 
means, together with an increafe of the current of air 
occaiioned by rarefadlion in the glafs tube, the whole 
of the fuel is converted into flame. 

The wicks are circular ; and, the more readily to 
regulate the quantity of light, are fixed on a brafs col- 
lar, with a wire handle, by means of which they are 
raifed or deprefled at pleafure. 

To fix the wick on, a wooden mandril is contrived, 
whicji is tapered at one end, and has a groove turned 
at the other. 

The wick has a felvage at one end, which is to be 
put foremoft on the mandril, and moved up to the 
groove ; then putting the groove into the collar of 
the wick-holder, the wick is eafily pufhed forward 
upon it. 

The wick-holder and wick being put quite down m 
tbeir place, the fpare part of the wick fhould, while 
dry, be fet a-light, and fuffered to burn to the edge 
of the tubes ; this will leave it more even than by 
cutting, and, being black by burning, will be much, 
eafier lighted : for this reafon, the black fhould never 
be quite cut off. 

The lamp Aiould be filled an hour or two before it 
is wanted, that the cotton may imbibe the oil and 
draw the better. 

The lamps which have a refervoir and valve, need 
no other diredlion for filling than to do it with a pro- 
per trimming pot, carefully obferving when they are 
full ; then pulling up the valve by the point, the re- 
fervoir, being turned with the other hand, may be re- 
placed without fpilling a drop. 

Thofe lamps which fill in the front like a bird-foun- 
tain, muft be reclined on the back to fill ; and this 
4 Y z Ihouli 
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M r crofcope fliould be done gently, that the oil in the burner may 
return into the body when fo placed and filled : if, by 
being too full, any oil appears above the guard, only 
move the lamp a little, and the oil will difappear ; the 
lamp may then be placed eredl, and the oil will flow 
to its proper level. 

The oil muft be of the fpermaceti kind, commonly 
cabled chamber-oil, which may generally be diftinguifh- 
ed by its palenefs, tranfparency, and inoffenfive fcent: 
all chofe oils which are of a red and brown colour, 
and of an offenfive fcent, fliould be carefully avoided, 
as their glutinous parts clog the lamp, and the impu- 
rities in fuch oil, not being inflammable, will accumu- 
late and remain in the form of a cruft on the wick. 
Seal oil is nearly as pale and fweet as chamber oil ; 
but being of a heavy fluggifh quality, is not proper 
for lamps with fine wicks. 

Whenever had oil has been ufed, on changing it, 
the wick muft alfo be changed ; becaufe, after having 
imbibed the coarfe particles in its capillary tubes, it 
will not draw up the fine oil. 

To obtain the greateft degree of light, the wick 
ifhould be trimmed exadtly even, the flame will then be 
completely equal. 

There will be a great advantage in keeping the lamp 
clean, efpecially the burner and air-tubes; the neglect 
of cleanlinefs in lamps is too common : a candleftick 
is generally cleaned every time it is ufed, fo fhould a 
lamp ; and if a candleftick is not to be objected to be- 
caufe it does not give light after the candle is ex- 
ha ufted, fo a lamp fhould not be .thought ill of, if it 
does not give light when it wants oil or cotton ; 
but this laft has often happened, becaufe the deficiency 
is lefs vifible. 

The glafs tubes are belt cleaned with a piece of 
wafh leather. 

If a fountain-lamp is left partly filled with oil, it 
may be liable to overflow ; this happens by the con- 
traction of the air when cold, and its expanfion by 
the warmth of a room, the rays of the fun, or the 
heat of the lamp when re-lighted : thus accident may 
be effectually prevented by keeping the refervoir filled, 
the oil not being fubjeCt to expanfion like air. On 
this account, thofe with a common refervoir are beft 
adapted for microfcopic purpofes. 

' To examine Opaque Ob) e Els with the Lucernal Micro - 
fcope. To render the ufe of this inftrument eafy, it is 
ufually packed with as many of the.parts together as 
poffible: it occupies on this account rather more room, 
but is much lefs embarraffing to the obferver, who has 
only three parts to put on after it is taken out of its 
box, namely, the guide for the eye, the ftage, and the 
tube with its magnifier. 

But to be more particular : Take out the wooden 
ilider A (fig. 26.), then lift out the cover and the 
grey glafs from their refpeCtive grooves under the 
Aider A. 

Put the end N of the guide for the eye LMM into 
its place, fo that it may ftand in the pofition which is 
reprefented in this figure. 

Place the focket which is at the bottom of the 
opaque ftage, on the bar QJX T, fo that the concave 
mirror 0 may be next the end DE of the wooden 
body. 
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Screw the tubes PO into the end DE. The mag- Microfcop* 
nifier you intend to ufe is to be fcrewed on the end O — ~v— 
of thefe tubes. 

The handle Gb 9 or the milled nut fig. 27. mull be 
placed on the fquare end of the pinion a. 

Place the lamp lighted before the glafs lump n 9 
and the object you intend to examine betweeif the 
fpring-plates of the ftage ; and the inftrument is ready 
for ufe. 

In all microfcopes there are two circumftances which 
muft be particularly attended to: firft, the modifica- 
tion of the light, or the . proper quantity to illuminate 
the objedl ; fecondly, the adjuftment of the inftrument 
to the focus of the glafles and eye of the obferver. 

In the ufe of the lucernal microfcope there is a third 
circumflance, which is, the regulation of the guide 
for the eye. 

To throw the light upon the objeft. The flame 


of the lamp is to be placed rather below the centre of 
the glafs lump n 9 and as near it as poflible ; the con- 
cave mirror 0 muft be fo inclined and turned as ta 
receive the light from the glafs lump, and refledt it 
thence upon the objedl ; the beft fituation of the con- 
cave mirror and the flame of the lamp depends on a 
combination of circumftances, which a little pradtice 
will difeover. 

2. To regulate the guide for the eye, or to place the 
centre of the eye-piece L fo that it may coincide with 
the focal point of the lenfes and the axis of vifion ^ 
Lengthen and (horten the tubes MN, by drawing out 
or pufhing in the inner tube, and railing or deprefling 
the eye-piece ML, till you find the large lens (which 
is placed at the end AB of the wooden body) filled by 
an uniform field of light, without any prifmatic colours 
round the edge ; for till this piece is properly fixed* 
the circle of light will be very fmall, and only occupy 
a part of the lens : the eye muft be kept at the centre 
of the eye-piece L, during the whole of the opera- 
tion ; which may be rendered fomewhat eafier to the 
obferver, on the firft ufe of the inftrument, if he hold 
a piece of white paper parallel to the large lens, re- 
moving it from or bringing it nearer to them till he 
find the place where a lucid circle, which he will per- 
ceive on the paper, is brighteft and moft diftindl ; then 
he is to fix the centre of the eye-piece to coincide with, 
that fpot ; after which a very fmall adjuftment will 
fet it perfectly right. 

3. To adjull the lenfes to their focal diftance. This 
is effedled by turning the pinion a 9 the eye being at 
the fame time at the eye-piece L The grey glafs 
is often placed before the large lenfes, while regulating 
the guide for the eye, and adjufting for the focal di- 
ftance. 

If the obferver, in the procefs of his examination of 
bn objedl, advance rapidly from a (hallow to a deep 
magnifier, he will fave himfelf fome labour by pulling 
out the internal tube at O. 

The upper part fgrs of the ftage is to be raifed or 
lowered occafionally, in order to make the centre of 
the obje& coincide with the centre of the lens at O. 

To delineate obje&s, the grey glafs muft be placed 
before the large lenfes \ the pidture of the objedl will 
be formed on this glafs, and the outline may be accu- 
rately taken by going over the pidture with a pencil. 

The 
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ftlierefcope The opaque part may be ufed in the day-time with' confirming his difcoveriee, and invefligating thofe parts 
** 0ll t a lamp, provided the large lenfes at AB are fcreen- in one mode which are invifible in another. 

cd from the light. To throw the image of tranfparent objects on a fcreen , 

To ufe the Lucernal M ter of cope in the examination of as in the filar microfcope . It has been long a micro- 
Tranfparent Objefts. The inflrument is to remain as fcopical defideratum, to have an inflrument by which 
before ; the upper part fgs of the opaque ftage mull the image of tranfparent objects might be thrown on 
be removed, and the ftage for tranfparent objects, re- a fcreen, as in the common folar microfcope : and this 
prefented at fig. 28. put in its place ; the end 9 10 not only becaufe the fun is fo uncertain in this cli- 
to be next the lamp. mate, and the ufe of the folar microfcope requires 

Place the greyed glafs in its groove at the end AB, confinement in the fined part of the day, when time 
and the objects in the Aider-holder at the front of the feldom hangs heavy on the mind; but as it alfo affords 
flage ; then tranfmit as flrong a light as you are able an increafe of pleafure, by difplaying its wonders to 
on the objedl, which you will eafily do by railing or feveral perfons at the fame inilant, without the Fail 
lowering the lamp. fatigue to the eye. 

The objedt will be beautifully depi&ed on the grey This purpofe is now effediually anfwered, by affix- 
glafs : it muft be regulated to the focus of the magni- ing the tranfparent ftage of the lucernal to alanthorn, 
fier, by turning the pinion a. with one of Argand's lamps. — The lamp is placed 

The objedt may be viewed either with or without within the lanthorn, and the end 9 10 of the tranf- 
the guide for the eye. A fingle obferver will fee an parent ftage is ferewed into a female ferew, which is 
objedt to the greatefl advantage by ufing this guide, rivetted in the Hiding part of the front of the lan- 
which is to be adjufted as we have deferibed above, thorn ; the magnifying lenfes are to be ferewed into 
If two or three wifh to examine the objedf at the fame the hole reprefented at 12, and they are adjutUd by 
time, the guide for the eye muft be laid afide. turning the milled nut. The quantity of light is to 

Take the large lens out of the groove, and receive be regulated by raifing and lowering the Hiding-plate 
the image on the grey glafs; in this cafe, the guide or the lamp. 

for the eye is of no ufe : if the grey glafs be taken apparatus which vfually accompanies the improved Lu- 
away, the image of the objedl may be received on a cernal Microfcope . The llage for opaque obje&s, with 
paper fcreen. its femicircular lump of glafs, and concave mirror. 

Take out the grey glafs, replace the large lenfes, • The ftage for tranfparent objedts, which fits on the 
and ufe the guide for the eye ; attend to the forego- upper part of the foregoing ftage. The Hiding tube, 
ing diredtions, and adjuft the objedt to its proper fo- to which the magnifiers are to be affixed : one end of 
cus. You will then fee the objedt in a blaze of light thefe is to be ferewed on the end D of the wooden 
aim oft too great for the eye, a circumftance that will body ; the magnifier in ufe is to be ferewed to the 
be found very iifeful in the examination of particular other end of the inner tube. Eight magnifying 
objedts. The edges of the objedt in this mode will be lenfes : thefe are fo conftrudted, that they may be 
fomewhat coloured : but as!it is only ufed in this full combined together, and thus produce a very great 
light for occafional purpofes, it has been thought bet- variety of magnifying poweis. A fifh-pan, fuch as 
ter to leave this frnall imperfedtion, than, by remedying is reprefented at I. A Heel wire L, with a pair of 
it, to facrificc greater advantages; the more fo, as this nippers at one end, and a fmall cylinder of ivory l at 
fault is eafily corredled, and a new and interefling the other. A Hider of brafs N, containing a flat 
view of the objedl is obtained, by turning the inflru- glafs Hider, and a brafs Hider into which are fitted 
ment out of the diredl rays of light, and permitting fome fmall concave glafles. A pair of forcepvS. Six 
them to pafs through only in an oblique dire&ion, large and fix fmall ivory fiiders, with tranfparent 
by which the upper furface is in fome degree illu- objedts. Fourteen wooden Aiders, with four opaque 
minated, and the objedt is feen partly as opaque, part- objedts in each Aider; and two fpare Aiders Some 
ly as tranfparent. it has been already obferved, that capillary tubes for viewing fmall animalcula. 
the tranfparent objedts might be placed between the Ingenious men feldom content themfelves with an 
Aider-holders of the ftage for opaque objedts, and then Inflrument under one form ; hence fuch a variety of 
be examined as if opaque. microfcOpes, hence many alte»ations in the Lucernal 

Some tranfparent objedts appear to the greatefl ad' Microfcope. Mr Adams himfelf, we underftand, has 
vantage when the lens at 9 10 is taken away; as, by fitted up this lafl in a great many different ways ; and 
giving too great a quantity of light, it renders the it is reafonable to think that no perfon is more likely 
edges lefs fharp. to give it every improvement of which is is fufceptiblc. 

The variety of views which may be taken of every Of the alterations by other hands we fhall only parti- 
©bjedl by means of the improved lucernal microfcope, cularife one, made by Mr Jones of Holborn (b), 
will be found to be of great ufe to an accurate obfer- whofe defeription is as follows : 

ver ; it will give him an opportunity of corredling or A, reprefents a portion of the top of the mahogany 

box 


(b) We trull the reader will never confider any paragraph wherein the name of an inflrument-maker or 
other artifl is inferted, as a recommendation of thofe artifls by the editors of this work. In the courfe of 
a pretty extenfive correfpondence, they have been favoured with very liberal communications from various 
artifls, for which they are greatly indebted to them : the inferring their names in this work is therefore to 
be confidered as a grateful acknowledgment from the editors for favours conferred on them, — not as a teftimo- 

.flial 
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rofcope box in which It packs, to preferve it fteady ; It Aides 
in a dove-tail groove withinftde, a fimilar groove to 
which is cut in the top of the box A ; fo that when 
the inftrument is to be ufed, it is Aipt out of the box 
•withinAde, and then Aipt into the groove at top ready 
for ufe, almoft inilantly, as Aiown in the figure. The 
ndjuftment of the obje&s is at the ftage E ; for the 
right focal diftance is readily and conveniently made 
by turning the long fcrew-rod BB, which goes thro* 
the two pillars fupporting the box, and works in the 
hafe of the brafs ftage E ; which bafe is alfo dove- 
tailed, fo as to have a regular and fteady motion in ano- 
ther brafs bafis that fupports it. In this inftrument, 
therefore, the pyramidical box does not move ; but 
the ftage part only, which, from its fmall weight, 
moves in the moft agreeable and fteady manner. While 
obferving the image of the objedt upon the glafs 
through the fight-hole at G, the objedt may be moved 
or changed by only turning the rack-work and pinion 
applied to the ftage, by means of the handle D, for 
that purpofe. By this contrivance you have no occa- 
f on to change your pofition during the view of the 
objects upon one of the Aiders. This motion changes 
• the obje&s horizontally only; and as they are gene- 
rally placed exactly in one line, it anfwers all the pur- 
pofes for which this motion is intended very well. 
But it may fometimes happen that the obferver would 
v/iAr to alter the vertical pofition of the obje£t ; to 
perform which there is another plane rod at F, that 
a<fts Amply as a lever for this purpofe, and moves the 
Aiding part of the ftage E vertically either upwards 
or down wards. 

Thus, without altering his pofition, the obferver 
may inveftigate all parts of the objects in the moft fa- 
tisfa&ory manner. Rack-work and pinion might be 
applied to the ftage for the vertical motion alfo ; but 
as it would materially enhance the expence, it is fel- 
dom applied. The brafs work at the handle of D 
contains a Hooke’s univerfal joint. 

The brilliancy of the images of the objedts ftiown 
upon the large lenfes at the end of the box, being very 
frequently fo great as to dazzle the eyes, Mr Jones 
applies a Aight tinge of blue, green, and other co- 
loured glafs, to the fight-hole at G, which foftens this 
glare, and calls an agreeable hue upon the obje&s. 

Defer iption of thofe Parts of a Microfcopical apparatus, 

common to mojl Infruments, which are delineated at 
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A and B reprefent the brafs cells which contain the 
magniAers belonging to the different kinds of com- 
pound microfcopes. The magniAers are fometimes 
contained in a Aider like that which is delineated at S 
(Ag. 24). The lenfes of \ and B are con A tied by a 
fmall cap ; on unferewing this, the fmall lens may be 
taken out and cleaned. The magniAers A of the lu- 
cernal microfcope are fo contrived, that any two of 
them may be ferewed together, by which means a con- 
Aderable variety of magnifying power is obtained. 

To get at the lenfes in the Aider S (Ag. 24.), take 
cut the two ferews which hold on the cover. 


C, reprefeats the general form of the Aider-holder. Miarofcopfe 
Itconfiftsof a cylindrical tube, in which an inner tube — 

is forced up by a fpring. It is ufed to receive- the 
ivory or any other Aider, in which the tranfparent 
objedts are placed ; thefe are to be Aid between the 
two upper plates: the hollow part in one of the plates 
is deAgned for the glafs tubes. 

D, the condenfing lens and its tube, which Ats into 
the Aider-holder C, and may be moved up and down 
in it. When this piece is pufhed up as far as it will 
go, it condenfes the light of a candle, which is refledt- 
ed on it by the plain mirror of the compound micro- 
fcope, and fpreads it uniformly over the object ; in 
this cafe it is beft adapted to the Aiallo weft magniAers. 

If the deeper lenfes are ufed, it fhould be,drawn down, 
or rather removed further from the objedt, that it may 
concentrate the light in a fmall compafs, and thus 
render it more denfe. The condenfing lens is fome- 
times Atted up differently; but the principle being the 
fame, it will be eafy to apply it to ufe notwithftand- 
ing fome variations in the mechanifm. 

E, a brafs cone. It fixes under the Aider-holder, 
and is ufed to leffen occafionally the quantity of light 
which comes from the mirror to any objedt. 

F, a box with two flat glaffes, which may be placed 
at different diftances front each other in order to con- 
Ane a fmall living infedt. 

G, a fmall brafs box to hold the Alver fpeculum H. 

H, a fmall Alver concave fpeculum, deAgned to re- 
fled! the light from the mirror on opaque objedls ; it 
fhould only be ufed with the fhallow magnifiers. It is 
applied in different ways to the compound microfcope; 
fometimes to a tube Amilar to that reprefented at X, 
which Aides on the lower part of the body; fometimes 
it is ferewed into the ring of the piece Qj the pin 
of this generally Ats into pne of the holes in the ftage. 

When this fpeculum is ufed, the Aider-holder Aiould be 
removed. 

I, a fifh-pan, whereon a fmall Afh may be fattened, 
in order to view the circulation of the blood: its tail 
is to be fpread acrofs the oblong hole at th fmalleft 
end, and tied faft by means of the ribbon Axed there- 
to, by fhoving the knob which is on the back of it 
through the Ait made in the ftage ; the tail of the AAi 
may be brought under the lens which is in ufe. 

K, a cylindrical piece, intended for the folar opaque 
microfcope : by pulling back the fpiral fpring, fmaller 
or larger objects maybe confined in it. 

h, A pair of triangular nippers for taking hold of 
and confining a large object. 

E, a long fteel wire, with a fmall pair of pliers at 
one end and a fteel point at the other : the wire Aips 
backwards or forwards in a fpring tube, which is af- 
fixed to a joint, at the bottom of which is a pin to At 
one of the holes in the ftage ; this piece is ufed to 
conftne fmall objedt s. 

/, A fmall ivory cylinder that Ats on the pointed 
end of the fteel wire L ; it is deAgned to receive 
opaque objects. Light-coloured ones are to be ftuck 
on the dark Ade, and vice verfa. 

M, a convex lens, which Ats to the ftage by means 

of 










nial of their opinion of the abilities of an individual, or “as deAgned to inAnuate any preference over others 
in the fame line, where fuch preference has not been already beftovved by the public. 
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Microfoope of the long pin adhering to it. This piece is defigned 
to collecl the light from the fun or a candle, and to 
throw them on any ohjedl placed on the ftagc ; but it 
is very little ufed at prefent. 

N, a brafs Aider, into which is fitted a flat piece of 
glafs, and a brafs flider containing four fmail glades, 
one or two of them concave, the others fiat ; it is de- 
figned to confine fmail living objects, and when ufed is 
to be placed between the two upper plates of the Aider- 
holder. 

O, a glafs tube to receive a fmail fifh, &c. 

P, represents one of the ivory Aiders, wherein ob- 
jedls are placed between two pieces of talc, and con- 
fined by a brafs ring. 

Q, a piece to hold the fpeculum H : this piece is 
generally fitted to the microfcope reprefented at fig. 1 2. 

R, a pair of forceps, to take up any occafional ob* 
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addition of a micrometer; for the ufe and advantages M : crofc- ^5 
of which, fee the article Micrometer. 
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S, a camePs hair pencil to brufh the dud ofT the 
glades ; the upper part of the quill is fcooped out, to 
take up a drop of any fluid, and place it on either of 
the glafi'es for examination. 

T, an inftrument for catting thin tranfverie fe&ions 
of wood. It confids of a wooden bafe, which fup- 
ports four brafs pillars } on the top of the pillars is 
placed a fiat piece of brafs, near the middle of which 
there is a triangular hole. 

A iliarp knife, which moves in a diagonal dire&ion, 
is fixed on the upper fide of the afore-mentioned plate, 
and in fuch a manner that the edge always coincides 
with the fur face thereof. 

The knife is moved backwards and forwards by 
means of the handle a, The piece of wood is placed 
in the triangular trough which is under the brafs 
plate, and is to be kept fteady therein by a milled 
ferew which is fitted to the trough ; the wood is 
to be prefled forward for cutting by the micrometer 
ferew b . 

The pieces of wood fliould be applied to this in- 


ftrumenc immediately on being taken out of the 
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ground, or elfe they fliould be foaked for fome time in 
water, to foften them fo that they may not hurt the 
edge of the knife. 

When the edge of the knife is brought in contaft 
with the piece of wood, a fmail quantity of fpirits of 
wine fliould be poured on the ftirface of the wood, to 
prevent its curling up ; it will alio make it adhere to 
the knife, from which it may be removed by prefling a 
piece of blotting paper on it. 

y , An appendage to the cutting engine, which is 
to be ufed in Head of the micrometer ferew, being pre- 
ferred to it by fome. It is ; placed over the triangular 
hole, and kept flat down upon the furface of the. brafs 
plate, while the piece of wood is prefled againft a cir- 
cular piece of brafs which is on the under fide of it. 
This circular piece of brafs is fixed to a ferew, by 
which its difiance from the fiat plate on which the knife 
moves may be regulated. 

2, An ivory box, containing at one end fpare talc 
for the ivory Aiders, and at the other ipare rings for 
prefling the talcs together and confining them to the 
flider. 


After what has been related of Microfcopes, they 
cannot be faid to be complete without the valuable 


Having preferred our readers with defenptiofi9 of 
the various miferofeopes generally ufed, we* think it 
our duty to point out to them thofe which we con- 
ceive 10 do befi calculated to anfwer the purpofes of 
fcience. The fir ft which prefents itfelf to our mind 
is that of KUis ; it is better adapted, than any other 
portable microfcope, to the purpofe of general obfer- 
vation ; Ample in its conftru&ion, and general in it* 
application, i o thofe who prefer a double micro- 
fcope, we fliould recommend that figured in Plate 
CCXCV III. (1 2,) If opaque obje&s, as infecls, See, 
be fubjea^ of in ve (ligation, the Lucernal Microfcope 
claims the preference ; but if amuiement alone guides 
the choice, the Solar Microfcope mult be fixed upon. 


fliuli now proceed to explain fome nceeflary par- 
ticulars refpeding the method of ufing microfcopes; 
after which, vve (hall iubjoin an enumeration of the prin- 
cipal objects difcovered or elucidated by their means. 
Gn this fubjed Mr Adams, in his EJfay on the Micro- 
fcope, has been very copious 5 with a view, as he in- 
forms us, to lemove the cortimon complaint made by 
Mr Baker, “ that many of thofe who purchafe micro- 
fcopes are fo little acquainted with their general and 
extenfive ufefulnefs, and fo much at a lofs for obje&s 
to examine by them, that after diverting their friends 
fome few times with what they find in the Aiders 
which generally accompany the inftrument, or perhaps 
with two or three common objects, the microfcope is 
laid afide as of little further value ; whereas no inftru- 
ment has yet appeared in the world capable of afford- 
ing fo conftant, various, and fatisfa&ory an entertain- 
ment to the mind.” 

I. In ufing the microfcope, there are three tilings ne- 
ceflary to be confidered. (i.) The preparation and 
adjuftraent of the inftrument itfelf. (2.) The proper 
quantity of light, and the bell method of adapting 
tt to tne object. (3*) I he method of preparing the 
objects, fo that their texture may be properly un- 
derllood. 1 

1, With regard to the microfcope itfelf, the firft 
thing neceffary to be examined is, whether the glafi'es 
be clean or not: if they are not fo, they muft be wiped 
with a piece of foft leather, taking care not to foil 
them afterwards with the fingers ; and, in replacing . 
them, care mull be taken not to place them in an 
oblique fituation. We muft likewife be careful not 
t© let the breath fall upon the glafi'es, nor to hold 
that, part of the body of the inftrument where the 
glafi'es are placed with a warm hand ; became thus 
the moifture expelled by the heat from the metal will 
condenfe upon the giafs, and prevent the objedt 
from being diftindly feeri. The object fhould be 
brought as near the centre of the field of view as 
poffibie ; for there only it will be exhibited in the 
greateft peifedion. 1 he eye fliould be moved up and 
down from the eye glafs of a compound microfcope, 
till the fituation is found where the iaigeft field and 
molt diftind view of the objed are to be had: but eve- 
ry perfon ought to adj nil the microfcope to his own 
eye, and not to depend upon the fituation it was pla- 
ced in by another, .A. fmail magnifying power fliould 
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Microfcope always be begun with ; by which means the obferver 
will bell obtain an exadl idea of the fituation and 
connedlion of the whole ; and will of confequence be 
lefs liable to form any erroneous opinion when the 
parts are viewed feparately by a lens of greater power. 
Objects fhould alfo be examined firft in their mod na- 
tural pofition : for if this be not attended to, we fhall 
be apt to form very inadequate ideas of the ftrudlure 
of the whole, as well as of the connection and ufe 
of the parts. A living animal ought to be as little 
hurt or difcompofed as pofiible. 

From viewing an objedl properly, we may acquire 
a knowledge of its nature : but this cannot be done 
without an extend ve knowledge of the fubjedl, much 
patience, and many experiments ; as in a great num- 
ber of cafes the images will refemble each other, 
though derived from very different fubftances. Mr 
Baker therefore advifes us not to form an opinion too 
fuddenly after viewing a microfcopical objedl ; nor to 
draw our inferences till after repeated experiments 
and examinations of the objedl in many different 
lights and portions ; to pafs no judgment upon 
things extended by force, or contracted by drynefs, 
or in any manner out of a natural ftate, ^without ma- 
king fuitable allowances. The true colour of objedls 
cannot be properly determined by very great magni- 
fiers ; for as the pores and interfaces of an objedt are 
enlarged according to the magnifying power of the 
glalTes made ufe of, the component particles of its 
fubftance will appear feparated many thoufand times 
farther afunder than they do to the naked eye : hence 
the refledtion of the light from thefe particles will 
be very different, and exhibit different colours. It is 
likewife fomewhat difficult to obferve opaque objedts ; 
and as the apertures of the larger magnifiers are but 
fmall, they are not proper for the purpofe. If an ob- 
jedt be fo very opaque, that no light will pafs through 
it, as much as poflible mufl be thrown upon the up- 
per furface of it. Some confideratiou is likewife ne- 
ceffary in forming a judgment of the motion of li- 
ving creatures, or even of fluids, when feen through 
the micro fcope ; for as the moving body, and the 
fpace wherein it moves, are magnified, the motion 
will alfo be increafed. 

2. On the management of the light depends in a 
great meafure the diilindtnefs of the vifion : and as, in 
order to have this in the greateft perfection, we mufl 
adapt the quantity of light to the nature of the objedl 
and the focus of the magnifier, it is therefore necef- 
fary to view it in various degrees of light. In fome 
objedls, it is difficult to diflinguifh between a promi- 
nence and a deprcflion, a fhadow or a black ftain ; or 
between a rtfledlion of light and whitenefs, which is 
particularly obfervable in the eye of the libella and 
other flies: all of thefe appearing very different in 
one pofition from what they do in another. The bright- 
ness of an objedl likewife depends on the quantity of 
light, the diftindlnefs of vifion, and on regulating 
the quantity to the objedl ; for fome will be in a 
manner loft in a quantity of light fcarce fufficient to 
render another vifible. 

There are various ways in which a ftrong light may 
be thrown upon objedls ; as by means of the fun and 
a convex lens. For this purpofe, the microfcope is 
to be placed about three feet from a fouthern window ; 
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then take a deep convex lens, mounted on a femicircle Microfcnp^ 
and ftand, fo that its pofition may eafily be varied : ^ r "* 

place this lens between the object and the window, fo 
that it may colledla confiderable number of folar rays, 
and refract them on the objedl or the mirror of the 
microfcope. If the light thus colledted from the fun 
be too powerful, it may be leflened by placing a piece 
of oiled paper, or a piece of glafs lightly greyed, be- 
tween the objedl and lens. Thus a proper degree of 
light may be obtained, and diffufed equally all over 
the furface of an objedl : a circumftance which ought 
to be particularly attended to ; for if the light be 
thrown irregularly upon it, 110 dillindl view can be 
obtained, if we mean to make ufe of the folar light, 
it will be found convenient to darken the room, and 
to refkdl the rays of the fun on the abovementioned 
lens by means of the mirror of a folar microfcope fix- 
ed to the window- fh utter ; for thus the obferver will 
be enabled to preferve the light on his objedl, notwith- 
ftanding the motion of the fun. But by reafon of this 
motion, and the variable ftate of the atmofphere, fo- 
lar obfervations are rendered both tedious and incon- 
venient : whence it will be proper for the obferver 
to be f urnifhed with a large tin lanthorn, formed fome- 
thing like the common magic lanthorn, capable of 
containing one of Argand’s lamps. This, however, 
ought not to be of the fountain kind, left the rarefac- 
tion of the air in the lanthorn fiiould force the oil over. 

There ought to be an aperture in the front of the 
lanthorn, which may be moved up and down, and be 
capable of holding a lens ; by which means a pleafant 
and uniforpi as well as ftrong light may eafily be pro- 
cured. The lamp ftiould likewife move on a rod, fo 
that it may be eafily raifed or deprdfed. This lan- 
thorn may likewife be ufed for many other purpofes ; 
as viewing of pidlures, exhibiting microfcopic objedls 
on a icreen, &c. A weak light, however, is be ft for 
viewing many tranfparent objedls : among which we 
may reckon the prepared eyes of flies, as well as the 
animalcules in fluids. The quantity of light from a 
lamp or candle may be leflened by removing the mi- 
cioleope to a greater diftance from them, or by dimi- 
nifliing the ftrength of the light which falls upon the 
objedts. This may very conveniently he done by 
pieces of black paper with circular apertures of diffe- 
rent fizes, and placing a larger or fmaller onfc upon the 
reflecting mirror, as occafion may require. There is 
an oblique fituation ©f the mirrors, which makes like- 
wife an oblique refledtion of the light eafily difeovered 
by pradliee, (but for which no general rule can be gi- 
ven in theory) ; and which will exhibit an object more 
diftindtly than any other pofition, fhowing the furface, 
as well as thofe parts through which the light is tranf- 
mitted. The light of a lamp or candle is generally 
better for viewing microfcopic objedls than-day-light ; 
it being more eafy to modify the former than the lat- 
ter, and to throw it upon the objedls with different 
degrees of denfity. 

3. With regard to the preparation of objedls, Swam- 
merdam has, in that particular, excelled almofl all 
other inveftigators who either preceded or have 
fucceeded him. He was fo afiiduous and indefati- 
gable, that neither difficulty nor difappointment could 
make the leaft imprefiion upon him ; and he never 
abandoned the purfuit of any objedl until he hail ob- 
1 tained 
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Mtcrofeope tattled a {ktlsfa&oty idea of it- Unhappily, however, 

w y— — methods he made ufe of in pieparing his objeds 

for the microfcope are now eneirely unknown. Dr 
Boerhaave examined with the ftrideft attention all the 
letters and manufcripts of Swammerdam which he 
could find ; but his refearches were far from being 
fuccefsful. The following particulars, however, have 
thus come to the knowledge of the public. 

Fordifteding of / mall infe&s, Swammerdam had a brafs 
table made by S. Mufchenbroek, to which were affix- 
ed two brafs arms moveable at pleafure to any part of 
it. The upper part of thefe vertical arms was con- 
ftruded in fuch a manner as to have a flow vertical 
motion ; by which means the operator could readily 
alter their height as he faw convenient. One of thefe 
arms was to hold the minute objeds, and the other to 
apply the microfcope. 

The lenfes of Swammerdam’s microfcopes were 
of various fizes as well as foci : but all of them the 
beft that could be procured, both for the tranfparency 
of the glafs and the finenefs of the workmanfhip. His 
obfervat ions were always begun with the fmalleft mag- 
nifiers, from which he proceeded to the greateft ; but 
in the ufe of them, he was fo exceedingly dexterous, 
that he made every obfervationfubfervient to that which 
fucceeded it, and all of them to the confirmation of 
each other, ayd to the completing of the defcription. 
His chief art feems to have been in conftruding fcif- 
fars of an exquifite finenefs, and making them very 
fharp. Thus he was enabled to cut very minute ob- 
jtds to much more advantage than could be done by 
knives and lancets ; for thefe, though ever fo fharp and 
fine, are apt to diforder delicate fubflances by dif- 
placing fome of the filaments, and drawing them af- 
ter them as they pafs through the bodies ; but the 
Iciflars cut them all equally. The knives, lancets, 
aftd ftyles he made ufe of in his difiedions, were fo 
fine that he could not fee to fharpen them without 
the affiftance of a magnifying glafs ; but with thefe he 
cOuld dified the inteftines of bees with the fame accu- 
racy that the beft anatomifts can do thofe of large 
animals. He made ufe alfo of very fmall glafs tubes 
no thicker than a briftle, and drawn to a very fine 
point at one end, but thicker at the other. Thefe 
were for the purpofe of blowing up, and thus render- 
ing vifible the fmalleft vefiels which could be difeo- 
vered by the microfcope ; to trace their courfes and 
communications, or fometimes to injed them with 
coloured liquors. 

Swammerdam fometimes made ufe of fpirit of wiiie> 
water, or oil of turpentine, for fuffocating the infeds 
he wiflied to examine ; and would preferve them for 
a time in thefe liquids. Thus he kept the parts from 
putrefying, and gave them befides fuch additional 
ftrength and firmnefs, as rendered the difiedions much 
more eafy than they would otherwife have been. Ha- 
ving then divided the body tranfverfely with the 
feiftars, and made what obfervations he could with- 
out farther difledion, he proceeded to extrad the 
inteftines carefully wii£* very fine inftruments, to 
wafti away the fat in the like careful manner ; and 
thus to put the parts into fuch a itate as would 
beft expofe them to view ; but thefe operations are 
beft performed while the infeds are in their nympha 
'ftate. 
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Sometimes the delicate vifeera of the Infc&s, after IStlerofcops 
having been fuffocated as abovementioned, were put “V*** 1 ^ 
into water; after which, having ftiaken them gently, 
he procured an opportunity of examining them, efpe- 
cially the air vefiels, which laft he could thus feparate 
entire from all the other parts, to the admiration of 
all who beheld them ; as thefe vefiels cannot be dif- 
tindly feen in any other manner, or indeed in any- 
way whatever, without injuring them. Frequently al- 
fo he inieded water with a fyringe to cleanfe the parts 
thoroughly, after which he blew them up with air and 
dried them ; thus rendering them durable, and fit for 
examination at a proper opportanity. Sometimes he 
made very important difeoveries, by examining infeds 
which he had preferved for feVeral years in balfam. 

Other infeds he pundured with a very fine needle ; 
and after fqueezing out all their moifture through 
the holes made in this manner, he filled them with air, 
by means of very fiender glafs tubes; then dried them 
in tire fhade; and laftly anointed them with oil of fpike 
in which a little rolin had been difTblved ; and by 
which means they, for a long time, retained their pro- 
per forms. He was likewife in pofieflion of a fingu- 
Jar fecret, by which he could preferve the limbs of in- 
feds as limber and perfpicuous as ever they had been. 

He ufed to make a fmall pundure or incifion in 
the tails of worms ; and after having with great cam 
tion fqueezed out all the humours, as well as great part 
of the vifeera, he injeded them with wax in fuch a 
manner as to give them the appearance of living crea- 
tures in perfed health. He found that the fat of 
all in feds was entirely diffolvable in oil of turpen- 
tine ; by which means he was enabled plainly to dif- 
cern the vifeera ; though, after this difiolution, it was 
necefi'ary to cleanfe and wafh them frequently in clean 
water. In this manner he would frequently have fpent 
whole days in the preparation of a fingle caterpillar, 
and clean fing it from its fat, in order to difeover the 
true fituation Of the infed’s heart. He had a fingular 
dexterity in ftripping off the (kins of caterpillars that 
were on the point of fpinning their cones. This was 
done by letting them drop by their threads into fealding 
water, and then fuddenly withdrawing them. Thus 
the epidermis peeled ofF very eafily ; and, when this 
was done, he put them into diftilled vinegar and fpirit 
of wine mixed together in equal proportions ; which, 
by giving a due degree of firmnefs to the parts, gave 
him an opportunity of feparating them with very 
little trouble from the exuviae, without any danger to 
the internal parts. Thus the nymph could be fiiown 
to be wrapped up in the caterpillar and the butterfly 
in the nymph ; and there is little doubt that thofe 
who look into the works of Swammerdam, will be 
amply recompenfed, whether they confider the unex* 
ampled labour or the piety of the author. 

M. Lyonet, a late eminent naturalift, ufually drown- 
ed the infeds he defigned to examine ; by which means 
he was enabled to preferve both the foftnefs and tranf- 
parency of the parts. According to him, the infed, 
if very fmall, was. one tenth of an inch, or little more, 
in length, fiiould be difleded on a glafs fomewhat con- 
cave. If it fhould be fufpeded that the infed will pu- 
trefy by keeping for a few days, fpirit of wine diluted 
with water muft be fubftituted inftead of pure water. 

The infed muft be fuffered to dry ; after which it may 
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Microfcope be fattened by a piece of foft wax, and again covered 
with water. — Larger objedls ttiould be placed in a 
trough of thin wood ; and for this purpofe the bottom 
of a common chip box will anfwer very well ; only 
furrounding the edge of it with foft wax, to keep in 
the water or other fluid employed in preferving the in- 
fe£l. The body is then to be opened; and if the parts 
are foft like thofe of a caterpillar, they ttiould be turn- 
ed back, and fixed to the trough by fmall pins, which 
ought to be fet by a fmall pair of nippers. At the 
fame time, the fkin being ftretched by another pair of 
liner forceps, the infect mutt be put into water, and 
diffe&ed therein, occafionally covering it with fpirit 
of wine. Thus the fubje& will be preferved in per- 
fection, fo that its parts may be gradually unfolded, no 
other change being perceived than that the foft elaltic 
parts become ftift' and opaque, while fome others lofe 
their colour. 

The following inllrumcnts were made life of by M. 
Lyonet in his ditteCtion of the Chenille tie Saul. A 
pair of feifiars as fmall as could be made, with long and 
five arms : A pair of forceps, with their ends fo 
nicely adjufted, that they could eafily lay hold of a 
fpider’s thread, or a grain of fand : Two line fteel 
needles fixed in wooden handles, about two inches and 
three quarters in length; which were the molt general- 
ly ufc ful inftruments he employed. 

Dr Hooke, who likewife made many microfcopic 
i>bfervations,. takes notice, that the common ant or 
pifmire is much more troublefome to draw than other 
infedls, as it is extremely difficult to get the body in a 
quiet natural potture. If its feet be fettered with wax 
or glue, while the animal remains alive, it fo twills its 
body, that there is no poflibility of gaining a proper 
view of it ; and if it be killed before any obfervation 
is made, the fhape is often fpoilcd before it can be exa- 
mined. The bodies' of many minute infeCls, when their 
life is deftroyed, inflantly fhrivel up; and this is obfer- 
vable even in plants as well as infeCls, the furface of 
thefe fmall bodies being affeCled by the leaft change of 
air ; which is particularly the cafe with the ant. If 
this creature, however, be dropped into rectified fpirit 
of wine, it will inftantly be killed ; and when it is taken 
out, the fpirit of wine evaporates, leaving the animal 
dry, and in its natural potture, or at leatt in fuch a 
ttate that it may eafily be placed in whatever potture 
we pleafe. 

Parts of Infects. The wings, in many infe&s, are 
fo tranfparent, that they require no previous prepara- 
tion : but tome of thofe that are folded up. under elytra 
or cafes, require a conttderable lhare of dexterity to un- 
fold them ; for thefe wings are naturally endowed with 
fuch a fpring, that they immediately fold themfelv.es 
again, unlefs care be taken to prevent them. The 
wing of the earwig, when expanded* is of a tole- 
rable fize, yet is folded up under a cafe not one 
eighth part of its bulk ; and the texture of this 
\ving renders it difficult to be unfolded. This is done 
with the leatt trouble immediately after the infect 
is killed. Holding then the creature by the thorax, 
between the finger and thumb, with a blunt-point- 
ed pin endeavour gently to open it, by fpreading it 
over the fore-finger, and at the fame time gradually 
iirding the thumb over it. When the wing is fuffi- 
;ticatiy expanded, feparate it from the infett by a fharp 


knife or a pair of feifiars. The wing fhould be pref- Microfcope: 
fed for fome time between the thumb and finger before * "j 
it be removed ^ it fhould then he placed between 
two pieces of paper, and .again p retted for at leaft an 
hour ; after which time, as there will be no danger of 
its folding up any more, it may be put between the 
talcs, aud applied to the microfcope. Similar care is 
requifite in difplaying the wings of the notonedla and 
other water-infedls, as well as moft kinds of grylli. 

The minute feales or feathers , which cover the 
wings of moths or butterflies, afford very beautiful ob- 
jects for the microfcope. Thofe from one part of the 
wing frequently differ in {Rape from fuch as are taken 
from other parts; and near the thorax, ffroulder, and 
on the fringes of the wings, we generally meet with 
hair inftead of feales. The whole may be hrufhed 
off the wing, upon, a piece of paper, by means of' 
a camel’s-hair pencil \ after which the hairs can be 
feparated with the afiillance of a common magnifying; 
glafs.. _ _ ■ 

Tt is likewife a matter of confiderable difficulty to 
dilFedl properly the prjbofcis of infedts, fuch as the 
gnat, tabanus, &c. and the experiment mull be repeat- 
ed a great number of times before th. ffrudlure and 11- 
tuation of the parts can be thoroughly inveftigated, as-> 
the obferver will frequently difeover in one what 
he could not in another. The collector of the bet 
which forms a very curious objedl, ought to be firfb 
carefully waffled in fpirit of turpentine ; by which? 
means it will be freed from the undluous matter adhe- 
ring to it : when dry, it is again to be waffled with a. 
camel’s-hair pencil to difengage and bring forward the 
fmall hairs which form part of this microfcopic beauty- 
The bell method of managing the flings of infedls,. 
which are in danger of being broken by reafon of their 
hardnefs, is to foak the cafe and the reft of the appa- 
ratus for fome time in fpirit of wine or turpentine; them 
lay them on. a piece of paper, and with a blunt knife 
draw out the fling, holding the fheath with the nai^ 
of the finger or any blunt inftrument ; but great care 
is neceffary to preferve the feelers , which when clean- 
ed add much to- the beauty of the objeft. The ben id 
of the lepas antifera is to be foaked in clean foft water, 
frequently brufhing it while wet with a camel’s-hair 
pencil : after it h dried, the brufhing mull be repeat- 
ed with a dry pencil to difengage and feparate the hairs, 
which are apt to adhere together. 

To view to advantage thej {at, brains , and other tt- 
m;Lr fnbftances, Dr Hooke advifes to render the fur- 
face fmootb, by preffing it between two plates of thin? 
glafs, by which means the matter will be rendered 
much thinner and more tranfparent : without this pre- 
caption, it appears confufed, by reafon of the parts 
lying too thick upon one another. For mufcular fibres 
take apiece of the flelh, thin and dry ; moiften it with 
warm water, and after this is evaporated the veffels 
wiil appear more plain and diftinch ; and by repeated 
macerations they appear ftill more fo. The exuviee of 
infers afford a pleafing object, and require but little 
preparation. If bent or curl^i up, they will become 
fo relaxed by being kept a few hours im a moift at- 
mofphere, that you may eafily extend them to thei? 
natural pofitions ; or the fteam of warm water will an- 
fwer the purpofe very well. 

The eyes of inle&s in general form very curious 
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•^Microfcope and beautiful objects. Thofe of the libellula and other edge of a knife 
ag vve jj as 0 f the lobfler, & c. muft fird be cleaned 
from the blood, See. after which they fhould be foaked 
in water for fome days : one or two fkins are then to be 
feparated from the eye, which would be otherwife too 
opaque and confufed ; but fome care is requifite in this 
operation ; for if the fkin be rendered too thin, it is 
impcfiible to form a proper idea of the organization of 
the part. In fome fubftances, however, the organiza- 
tion is fuch, that by altering the texture of the part, 
we deftroy the objects which we wifli to obferve. Of 
this fort are the nerves, tendons, mufcular fibres, 
many of which are viewed to molt advantage when 
floating in fome tranfparent fluid. Thus very 
few of the mufcular fibres can be difeovered when 
we attempt to view them in the open air, though great 
numbers may be ieen if they be placed in water or oil. 

By viewing the thread of a ligament in this manner, 
we find it compofed of a vad number of fmooth round 
threads lying clofe together. Elaftic objects fhould be 
pulled or liretched out while they are under the mi- 
crofcope, that the texture and nature of thofe parts, 
the figure of which is altered by being thus pulled out, 
may' be more fully difeovered. . 

Other objects. To examine bones by the microfcope, 
they fhould fird be viewed as opaque objects ; but af- 
terwards, by procuring thin flices cf them, they may 
be viewed as tranfparent* The fecStions fhould be cut 
in all directions, and be well wafhed and cleaned ; and 
in iome cafes maceration will be ufeful, or the bones 
may be heated red hot in a clear fire, and then taken 
out ; by which means the bony' cells will appear more 
confpicuous. The fores of the fkin may be examined by 
cutting oft a thin dice off the upper fkin with a razor, 
and then a fecond from the fame place ; applying the 
latter to the microfcope. The lizard, guana, & c. have 
two fkins, one very tranfparent, the ether thicker and 
more opaque ; and, feparating thefe two, you obtain 
very beautiful obje&s. 

To view the J'caits of fjh to advantage, they ought 
to be foaked in water for a few days, and then care- 
fully rubbed to clean them from the fkin and dirt 
which may adhere to them. The feales of the eel are 
a great curiofity ; and the more fo, as this creature 
was not known to have any feales till they were difeo- 
vered by the microfcope. The method of difeovering 
them is this. Take a piece of the fkin of an eel from 
off its fide, and fpread it while moiii on a piece of 
glafs, that it may dry very fmooth : when thus dried, 
the iurface will appear all over dimpled or pitted by 
the feales, which lie under a fort of cuticle or thin 
fkin ; which may be railed with the fharp point of a 
penknife, together with the feales, which will then 
ealily flip out; and thus we may procure as many as 
we pleafe. 

The leaves of many trees, as well as of fome plants, 
when difle&ed, form a very agreeable objedl. In or- 
der to diifect them, take a few of the molt perfect 
leaves you can find, and place them in a pan with clean 
water. Let them remain there three weeks, or a 
month, without changing the water ; then take them 
up; and if they feel very foft, and almod rotten, they 
•are fufficien tly foaked. They mull then be laid on a 
Hat board, and holding them by the (talk, draw the 
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over the upper fide of the leaf, which 1 
will take off moil of the fkin. Then turn the leaf, 
and do the fame with the under fide ; and when the 
fkin is taken off on both fides, wafh out the pulpy 
matter, and the fibres will be exhibited in a very 
beautiful manner. The leaf may be flit into two 
parts, by fplitting the flalk ; and the fitins peeled 
from the fibres will alfo make a good obje&. This 
operation is beffc performed in the autumn : the fibres 
of the leaves are much ftronger at that feafon, and 
lefs liable to be broken. — The internal ftrudture of 
fliells may be obferved by grinding them down on a, 
hone : and all ores and minerals fhould be carefully’ 
wafhed and brufhed with a fmall brulh to remove any 
fordes that may adhere to them. 

To view the circulation of the Hood , we mud ob» 
ferve living animals of the mod tranfparent kind. — 
A fmall eel is fometimes ufed for this purpofe ; 

cafe it mud be cleanfed from the llime 
adhering to it ; after which it may be 
a tube filled with water, where it can be 
a fatisfadfory manner. The tail of any 
be viewed in the fame manner, 
of flat glafs, and thus laid be* 


fore the microfcope. By filling the tube with water 
when an eel is made ufe of, we prevent in a great 
meafure the fliminefs of the animal from foiling the glafs. 

The particles of the blood form a very curious ob- 
je£t, and have been carefully viewed by different phi- 
lofophers ; who, neverthelefs, differ from one another 
very much in their accounts of them. The bed 
method of viewing thefe is to take a imall drop of 
blood when warm, and fpread it as thin as poffiblc 
upon a flat piece of glafs. By diluting it a little 
with warm water, fome of the large globules will be 
feparated from the fmaller, and many of them fubdivi- 
ded ; or a fmall drop of blood may be put into a ca- 
pillary glafs-tube, and then placed before the micro- 
fcope. Mr Baker advifes warm milk as proper to be 
mixed with the blood ; but Mr Hewfon, who is ac' 
counted the mod accurate obferver, diluted the blood 
with that fluid which undoubtedly is more natural to 
it, viz. its own ferum : by this method he could pre- 
ferve the fmall particles entire, and view them diftindl* 
ly ; and thus he found that they were not globular, as 
had been imagined by other anatomids, but flat. Ha- 
ving fhaken a piece of the craflamentum of the blood 
in ferum till the latter became a little coloured, he 
fpread it with a foft hair pencil on a piece of thin glafs, 
which he placed under the microfcope, in fuch a man- 
ner as not to be quite horizontal, but rather higher 
at one end than the other. Thus the ferum flow's 
from the higher to the lower part ; and, as it flows, 
fome of the particles will be found to fwim on their 
flat fides, and will appear to have a dark fpot in the 
middle ; while others will turn over from one fide to 
the other as they roll down the glafs. Many cruel 
experiments have been tried in order to obferve the 
circulation of the blood in living creatures, and an 
apparatus has been invented for viewing the circula- 
tion in the mefentery of a- frog ; but as this can an- 
fwer no ufeful pufpofe, and will never be put in 
pradlice by perfons of humanity, we forbear to men- 
tion it. 

4. Z 2 ll. Be fides 
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Microfcope II. Befides the obje&s for the microfcope already have yet been difcovered, 
mentioned, there are innumerable others, fome hardly 
vifible, and others totally invifible, to the naked eye ; 
and which therefore, in a more peculiar ftnfe, are de- 
nominated, 

Microfcopic animals . They are the animalcules or 
moving bodies in water, in which certain fub fiances 
have been infufed 5 and of which there are a great 
many different kinds. Thefe animalcula are fometimes 
found in water which we would call^wr^, did not the 
microfcopes difcover its minute inhabitants ; but not 
equally in all kinds of water, or even in all parts of the 
fame kind of it. The furfaces of infufions are general- 
ly covered with a fcum which is eaiily broken, but ac- 
quires thicknefs by Handing. In this fcum the great- 
efl number of animalcules are ufually found. Some- 
times it is ncceffary to dilute the infufions ; but this 
ought always to be done with water, not only diftil- 
led, but viewed through a microfcope, left it fhould 
alfo have animalcules in it, and thus prove a fource of 
■deception. It is, however, moft proper to obferve 
thofe minute objefts after the water is a little evapo- 
rated ; the attention being lefs diverted by a few o'b- 
jedls than when they appear in great numbers. One 
or two of the animalcules may be feparated from the 
reft by placing a fmall drop of water on the glafs near 
that of the infufion ; join them together by making a 
fmall connection between them with a pin ; and as 
foon as you perceive that an animalcule has entered the 
clear drop, cut off the connexion again. 

Eels in pafte are obtained by boiling a little flour 
and water into the eonliltence of book-binders pafte ; 
then expofing it to the air in an open veftel, find beat- 
ing it frequently together to keep the furface. from 
growing mouldy or hard. In a few days it will be 
Found peopled with myriads of little animals vifible to 
the naked eyej which ate the eels in queftion. They 
may be preserved for a whole year by keeping the 
pafte moiftened with water ; and while this is done, 
the motion of the animals will keep the furface from 
growing mouldy. Mr Baker diredls a drop or two 
of vinegar to be put into the pafte now and then. 

When they are applied to the ^microfcope, the pafte 
muft be diluted in a piece of water for them to fwim 
in. 

Numherlefs animalcules are otferved by the micro- 
fcope in infufions of pepper. To make an infufion for 
this purpofc, bruife as much common black pepper as 
will cover the bottom of an open jar, and lay it thereon 
.about half an inch thick : pour as much foft water into 
the veftel as will rife about an inch above the pepper. 

Shake the whole well together : after which they 
moft not be ftirred, but be left expofed to the air for 
a few days; in which time a thin pellicle will be formed 
on the furface, in which innumerable animals are to 
be obferved by the microfcope. 

The microfcopic animals are fo different from thofe 
of the laiger kinds, that fcarce any fort of analogy 
feems to exift between them ; ana one would almoft 
be tempted to think that they lived in confequence of 
laws diredlly opposite to thofe which preferve ourfelves 
and other vifible animals in exigence. They have 
been fyftematically arranged by O. F. Muller ; though 
it is by no means probable that all the different claftcs 
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Such as have been ohfer- Microfcope 
ved, however, are by this author divided in the follow- 
ing manner. 

I. Such as have no external organs* 

1. Monas: Pundliforma. A mere point. 

2. Proteus : Mutabilis. Mutable. 

3. Volvox : Sphsericum. Spherical. 

4. Enchelis : Cylindracea. Cylindrical. 

5. Vibrio : Elongatum. Long. 

* Membranaceous. 

6. Cyclidium : Ovale. Oval. 

7. Paramecium : Oblongum. Oblong. 

8. Kolpoda : Sinuatum. Sinuous. 

9. Gonium : Angulatum. With angles* 

10. Burfaria. Hollow like a purfe. 

II. ‘Thofe that have external organs . 

% Naked, or not inclofed in a fhell. 

1. Cercaria : Caudatum. With a tail. 

2. Trichoda : Crinitum. Hairy. 

3. Kerona : Corniculatum. With horns. 

4. Himantopus : Cirratum. Cirrated. 

5. Leucophra : Ciliatiim undique. Every part ci> 

liated. 

6. Vorticella : Ciliatum apice. The apex ciliated*. 

* Covered with a fhell. 

7. Brachionus : Ciliatum apice. The apex ciliated. 


I. Monas . 

This is by our author defined to be “ an invifible 
(to the naked eye), pellucid, fimple, pundliform. 
worm;’' but of which, fmall as it is, there are feveral 
fpecies. ' 

1. The monas termo or gehllnofa , is a fmall jelly- 
like point, which can be but imperfedlly feen by the 
fingle microfcope, and not at all by the compound one. 
In a full light they totally difappear, by reafon of 
their tranfparency. Some infufions are fo full of them, 
that fcarce the leaft empty fpace can be perceived ; 
the water itfelf appearing compofed of innumerable 
globular points, in which a motion may be perceived 
fomewhat fimilar to that which is obferved when the 
fun’s rays fhine on the water ; the whole multitude of 
animals appearing in commotion like a hive of bees* 
This animal is very common in ditch-water, and in 
almoft all infufions either of animal or vegetable fub- 
ftanccs. 

2. Monas atomus or albida; white monas with a vari- 

able point. This appears like a white point, which thro’ 
a high magnifier apppears fomewhat egg-fhaped. The 
fmaller end is generally marked with a black point, 
the fituation of which is variable ; fometimes it ap- 
pears on the large end, and fometimes there are two. 
black fpots in the middle. This fpecies was found 
in fea-water, which had been kept through the whole 
winter, but was not very fetid. No other kind of ani-. 
malcule was found in it. • 

3. Monas puncium or nigra , black monas. This was 
found in a fetid infufion of pears, and appears in form 
of a very minute, opaque, and black point, moving 
with a flow and wavering motion. 

4. Monas ocellus , tranfparent like talc, with a point ia 
ihe middle. This is found in ditches covered with con- 
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MIcrofcopeferva, and fometimes with the cyclidium milium ; 

the margin of it is black, with a black point in the 
middle. 

5. Monas lens or Lyalina; of a talcy appearance. This 
is found in all kinds of water; foraetimes even in that 
which is pure, but always in the fummer-time in ditch- 
water. It is found alfo in all infufions of animal or vege- 
table fubftances, whether in frefh or fait water; myriads 
being contained in a fingle drop. It is found likewife 
in the filth of the teeth. It is nearly of a round fi- 
gure ; and fo tranfparent, that it is impoffible to dif- 
cover the lead veflige of inteltines. They generally 
appear in cluflers, but fometimes fingly. Contrary to 
what happens to other animalcules, they appear to 
cover the edges of the drop when evaporating, and 
where they inflantly die. A few dark fhades, pro- 
bably occalioned by the wrinkling of the body, are 
perceived when the water is nearly evaporated. The 
motions of this animalcule are generally very quick ; 
and two united together, may fometimes be feen fwirn- 
ming among the reft; which is thought to be a fingle 
one generating another by divifion, as is related under 
the article Animalcule. Thefe and the animalcules 
of the fir ft fpecies are fo numerous, that they exceed 
all calculation even in a very fmall fpace. 

6. Monas mica> marked with a circle. This is found 
in the pur'eft waters, and may be difcovered with the 
third lens of the fingle microfcope when the. magnify- 
ing power is increafed. It appears like a fmall lucid 
point ; but can aflame an oval or fpherical fhape at 
pleafure : fometimes the appearance of two kidneys 
may be perceived in its body, and there is commonly 
the figure of an ellipfe in it ; the fituation of which is 
moveable, fometimes appearing in the middle and fome- 
times approaching to either extremity. It feems en- 
compafled with a beautiful halo, which is thought to 
be occafioned by the vibration of fine invifible hairs. 
It has a variety of motions, and often turns round for 
a long time in the fame place. 

7. The tranquil! a, or egg-ftiaped tranfparent mon 23 
with a black margin, is found in urine which has been 
kept for fome time. Urine in this ftate acquires a 
feum in which the animalcules relide ; but though 
kept for feveral months, no other fpecies was found in 
it. A drop of urine is ufually fatal to other animal- 
cules, though this fpecies is to be met with in no other 
fuhftance. It is generally fixed to one point, but has 
a kind of vacillatory motion. Frequently thefe crea- 
tures are furrounded with a halo. Sometimes they 
are quadrangular, and at other times fpherical ; the 
black margin is not always to be found ; and fometimes 
there is even an appearance of a tail. 

8. The lamellula , or flat tranfparent monas, is moft 
ufually found in falt-water ; is of a whitifh colour and 
tranfparent, more than twice as long as it is broad, 
with a dark margin, having a vacillatory motion, and 
frequently appearing as double. 

9. The pulvif cuius or monas with a green margin. Thefe 
are generally found in marfliy grounds in the month 
of March. They appear lixe fmall fpherical grains of 
a green -colour on the circumference, having fometimes 
a green bent line paffing through the middle. They 
appear fometimes in clufters, from three to feven or 
more in number, .having a wavering kind of motion. 


10. The or tranfparent gregarious mona, is Microfcope 
found in a variety of infufions, and is of that kind ~ 
which multiplies by dividing itfelf. They appear in 
clufters of four, five, or fometimes many more ; the 
corpufcles being of various lizes, according to the 
number colle&ed into one group. The fmaller parti- 
cles, when feparated from the larger, move about with 
incredible fwiftnefs. A fingle corpufcle feparated 
from the heap, and put by itfelf into a glafs, foon in-* 
creafed in fize till it nearly attained the bulk of the 
parent group. The furface then afTumed a wrinkled 
appearance, and gradually became like the former, fe- 
parating again into fmall particles, which likewife in- 
creafed in bulk as before. 

t 

II. The Proteus . 

An invifible, very fimple, pellucid worm, of a vari- 
able form. 

1. The dijjluensy branching itfelf out in a variety of 
directions. It is very rare, and only met with in 
fens ; appearing like a grey mucous mafs, filled with a 
number of black globules, and continually changing 
its figure, pulhing out branches of different lengths 
and breadths. The internal globules divide immedi- 
ately, and pafs into the new formed parts ; always fol- 
lowing the various changes of the animalcule ; which 
changes feem to proceed entirely from the internal 
mechanifm of its body, without the aid of any ex- 
ternal power. 

2. The tenaxy running out into a fine point. This 
is a pellucid gelatinous body, ftored with black mole- 
cules, and likewife changing its figure, but in a more 
regular order than the former. It firft extends it felF 
in a ftraight line, the lower part terminating in a 
bright acute point. It appears to have no inteftines ; 
and when the globules are all collected in the upper 
part, it next draws the pointed end up toward the 
middle of the body, which afluiries a round form. It 
goes through a number of different fhapes, part of 
which are deferibed under the article Animalcule. 

It is found in fome kinds of river-water, and appears 
confined almoft entirely to one place, only bending 
fide wife. 

III. Polvox. 

An invifible, very fimple, pellucid, fpherical worm. 

1. The punclum of a black colour, with a lucid point. 

T1 tis is a fmall globule, with one hemifphere opaque 
and black, the other having a cryflalline appearance 5. 
and a vehement motion is obferved in the black part. It 
moves as on an axis, frequently paffing thro’ the drop 
in this manner. Many are often feen joined together 
in their paffage through the water ; fometimes moving 
as in a little whirlpool, and then feparating. They 
are found in great numbers on the furface of fetid fea- 
water. 

2. The granulum is of a fpherical figure and green 
colour, the circumference being bright and tranfpa- 
rent. It is found in marfhy places about the month 
of June, and moves but flowly. It feems to have a 
green opaque nucleus. 

3. The gloluhiSy with the hinder part fomewhat ob- 
feure, fometimes verges a little towards the oval in it? 
fnape, having a flow fluttering kind of motion, but 
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Microfcope more quick when difturbed. The inteftines are but 

“ ~v — - juft vifible. It Is found in moft vegetable infufions, 
and is ten times larger than the mona lens. 

4. The pilula y fmall and round, with green inteftines. 
This is found in water where the lemna minor grows, in 
the month of December, and has a kind of rotatory 
motion, fometimes flow and at others quick. The 
inteftines are placed near the middle, apparently edged 
with yellow. There is a fmall incifion on one of the 
edges of the fphere, which may pofiibly be the mouth 
of the creature. The whole animal appears encom- 
paffed with an halo. 

5. The grandinclla , with immoveable inteftines, is 
much fmaller than the laft, and marked with feveral 
circular lines. The inteftines are immoveable, and no 
motion is perceived among the interior molecules. 
Sometimes it moves about in a ftraight line, at others 
irregularly, and fometimes keeps in the fame fpot, 
with a tremulous motion. 

'6. The facialis , with cryftalline molecules placed at 
equal diftances from one another. This is found in 
water where the chara vulgaris has been kept ; and 
has its molecules difpofed in a fphere, filling up 
the whole body of the animalcule ; but whether 
they be covered by a common membrane or uni- 
ted by a ftalk (as in the vert i cella focialis to be 
afterwards described) is not ‘ known. When very 
much magnified, fome black points maybe feen in the 
cryftalline molecules. Its motion is fometimes rota- 
tory and fometimes not. 

7. The fphericulcis with round molecules, appears to 
confift of pellucid homogeneous points of different 
fizes. It moves fiowly from right to left and back 
again, about a quarter of a circle each time. 

8. The lunula , with lunular molecules, is a fmall 
toundifh tranfparent body, confiding of an innumerable 
multitude of homogeneous molecules of the fhape of a 
crefcent, without any common margin. It moves con- 
tinually in a twofold manner, viz, of the molecules 
among one another, and the whole mafs turning flow- 
1 y round. It is found in marfhy places in the begin- 
ning of fpring. 

9. The globator , or fpherical membranaceous volvox, 
is found in great numbers in the infufions of hemp and 
tremella, and in ftagnant waters in fpring and fummer; 
it was firft obferved and depi&ed by JLeewenhoeck, 
but the deferiptions of it given by authors differ 
confiderably from each other. The following is that 
of Mr Baker. “ There is no appearance of either 
head, tail, or fins. It moves in every direction, back- 
wards, forwards, up or down, rolling over and over 
like a bowl, fpinnir.g horizontally like a top, or glid- 
ing along fmoothly without turning itfelf at all 5 fome- 
times its motions are very flow, at other times very 
fwift ; and when it pleafes it can turn round as upon 
an axis very nimble, without moving out of its place. 
The body is tranfparent, except where the circular 
fpots are placed, which are probably its young. The 
furface of the body in fome is as if all dotted over with 
little points, and in others as if granulated like fha- 
green. In general it appears as if fet round with 
fhort moveable hairs.” Another author informs us, 
that “ they are at firft very fmall, but grow fo large 
that they can be difeerned with the naked eye: they 
are of a yellowilh green colour, globular figure, and in 
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fubftance membranaceous and tranfparent ; and in the Microfeopc 
midft of this fubftance feveral fmall globes may be per- 
ceived. Each of thefe are fmaller animaieula, which 
have alfo the diaphanous membrane, and contain with- 
in themfelves ftill fmaller generations, which may be 
diftinguiftied by means of very powerful glafies. The 
larger globules may be feen to efcape from the parent, 
and then increafe in fize.” 

This little animal appears like a tranfparent globule 
of a greenilh colour, the fcetu 3 being compofed of 
fmaller greenilh globules. In proportion to its age it 
becomes whiter and brighter, and moves fiowly round 
its axis ; but to the microfcope its furface appears as if 
granulated, the roundel! molecules fixed in the centre 
being largeft in thofe that are young. The exterior 
molecules may be wiped off, leaving the membrane 
naked. When the young ones are of a proper fize, 
the membrane opens, and they pafs through the fif- 
fure ; after which the mother melts away. Sometimes 
they change their fpherical figure, and become flat in 
feveral places. They contain from S to between 30 
and 40 globules within the membrane. 

10. The morum , with fpherical green globules in 
the centre. This is found amongft the lemna in the 
months cf Odlober and December, and has a flow rota- 
tory motion. The globules feldom move, though a 
flow quivering motion may fometimes be perceived 
among them in the centre. 

11. The atva y compofed of green globules not in- 
clofed in any membrane, is found in the month of 
Auguft in water where the lemma polyrrhiza grows. 

— -It conlifts of a congeries of greenilh-coloured 
globules, apparently of an equal fize, with a bright 
fpot in the middle ; the whole mafs is fometimes of a 
fpherical form, fometimes oval, without any common 
membrane : a kind of halo may be perceived round it, 
and the mafs generally moves from right to left, but 
fcarce any motion can be perceived among the globules ' 
themfelves. Thefe malfes contain from four to fifty- 
globules, of which a folitary one may fometimes be 
feen. Sometimes alfo two malfes of globules have been 
perceived joined together. 

12. The vegetans , terminating in a little hunch of 
globules. This is found in river-water in the month 
of November. It confifts of a number of fioccofe 
opaque branches invifible to the naked eye ; and at 
the apex of thefe is a fmall congeries of very minute 
oval pellucid corpufcles. Muller, who difeovered this, 
fuppofed it at firft to be a fpecies of microfcopic and 
river fertularia : but lie afterwards found the bunches 
quitting the branches, and fvvlmming about in the 
water with a proper fpontaneous motion ; many of the 
old branches being deferted, and the younger ones 
furnilhed with them. 

IV. Enchelis z 

.A fimple, invifible, cylindric wofm. 

1. The viridis , or green enchelis, has an obtufe tail, 
the forepart terminating in an acute truncated angle £ 
the inteftines are obfeure and indiftindt. It continu- 
ally varies its motion, turning from right to left. 

2. The punttifera , having the fore part obtufe, the 
hinder part pointed. It is opaque, and of a green 
colour, with a fmall pellucid fpot in the fore part, in 
which two black points may be feen; and a kind of 

double 


M I C 

JMicr ofcope double band crofles the middle of the body. 

hinder part is pellucid and pointed, with an incition, 
fuppofed to be the mouth, at the apex of the fore-part. 
It is found in marfties. 

3. The defes , or gelatinous enchelis, is found, though 
rarely, in an infufion of lemna, and moves very (lowly. 
The body is round, of a very dark-green, the fore-part 
bluntly rounded off, and the hinder part fomewhat 
tapering, but finiihed with a round end : near the ex- 
tremities there is a degree of tranfparency. 

4. Th z fanilis, with moveable inteftines, is found in 
water that has been kept for feveral month?: it is of an 
egg-(hape, and generally moves very quick, either to 
the right or left. It is fuppofed to be furnifhed with 
hairs, becaufe when moving quickly the margin ap- 
pears ftiiated. The body is opsque with a pellucid 
margin, and filled with moveable fpheruies. 

5. The ferotina , with immoveable inteftines, is of an 
oval figure, partly cylindrical, the fore-part fmaller 
than the hind, with a black margin, full of gray ve- 
ficular molecules : it moves very (lowly. 

6. The nehulofa , with vifible moveable inteftines, is 
found in the fame water with the cyclidium glaucoma, 
but is much more fcarce. The body is egg-(haped, 
the fore-patt narrow, and frequently filled with opaque 
confufed inteftines : when moving, it elevates the fore- 
part of the body. It is about three times as large as 
the cyclidium glaucoma. 

- 7. The femtnulum is found in water that has been 
kept for fome days, and moves by afeending and de- 
fending altenately. It is of a cylindrical figure, 
twice as long as broad, the inteftines in the fore-part 
tranfparent, but opaque in the hinder part. Some- 
times it is obferved fwimming about with the extre- 
mities joined together. 

8. The intermedia , with a blackifh margin, is one of 
the fmalleft animalcules : it has a tranfparent body, 
without any vifible inteftines. The fore and hind 
parts are of an equal fize, and the edge is of a deeper 
colour than the reft. Some have a point in the middle, 
others a line palling through it. 

9. The ovulum , is tranfparent, round, and egg-fhaped. 
A very ftrong magnifier difeovers fome long foldings 
on the furface, with a few bright molecules here and 
there. 

10. The pirum , with the hinder part tranfparent, has 
the fore-part protuberant and filled with molecules. 
The hinder part is fmaller and empty, with moveable 
molecular inteftines. Its motion is rapid, palling back- 
wards and forwards through the diameter of the drop. 
When at reft, it appears to have a little fwelling on 
the middle of the body. 

11. The tremula was found in an infufion with the 
paramascia aurelia, and many other animalcules. It 
is among the leall of thefe minute creatures, and is of 
a cylindrical figure and gelatinous texture. Its ex- 
tremity appears pointed, and has a tremulous motion, 
fo as to induce a fnfpicion that the creature has a tail. 
Two of thefe creatures may at times be feen to ad- 
here together. 

12. The conjlrida) with a ftri&ure in the middle, is 
found id falt-water, and is of a very fmall fize, having 
the middle drawn in as if tied with a ftring. It is of 
an oval (hape. 

13. The elliptic^ with a congeries of green inteftines, 
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The is found among the green matter on the Tides of veflels Microfcop* 
in which water has been kept for fome time. It is of 
a roundifh (hape, and tranfparent; the fore-part obtufe, 
the hinder part rather (harp, and marked with green 
fpots. They are generated in fuch numbers, that my- 
riads may fometimes be found in one drop. 

14. The fufusy with both ends truncated, was found 
in water called pure,, and had a languid motion. The 
body is round and tranfparent, with the fore and hind 
parts fomewhat fmaller then the reft. In the infide is 
a long and fomewhat winding inteftine, with a bright 
Tty-coloured fluid, and fome black molecules traofverfely 
fituated. 

15. The fritillus , with the fore-part truncated,' is 
found in an infufion of grafs and hay, and runs back- 
ward and forward through the drop with a wavering 
motion. It is one of the moil tranfparent animalcules, 
and has the fore-part obtufely convex. 

16. The caudata , with a kind of tail, is but feldom 
met with. The body is gvey and tranfparent, with, 
globular molecules divided from each other, and difper- 
fed thro’ the whole ; the fore-part is thick and obtufe, 
the hind part cryftalline and fmall, the end truncated. 

17. The epiftomiumy with the fore-part (lender and 
roundifti, is among the fmaller animalcula ; the body 
cylindrical and bright, the hind patt obtufe, the fore- 
part fmaller, and terminating in a globule, with now 
and then a black line down the middle. 

18. The gemmata is found in ditch-water where the 
lemna thrives. It has a cylindrical body, the upper 
part running out into a tranfparent neck, with a double 
feries of globules running down the body. It moves 
(lowly, and generally in a ftraight line. 

19. The retrograda moves commonly Tideways, and- 
fometimes in a retrograde manner. It has a gelati- 
nous tranfparent body, thicker in the middle than at 
the ends, without any thing that can be called intef- 
tines, except a pellucid globule difcoverable near the 
hinder part. 

20. 'The feflinans , with obtufe ends, is found in 
fea-water, and has a quick vacillatory motion from 
one fide to the other. ‘Hie body is round, with the 
fore-part tranfparent. More than half the length of it 
is without any vifible inteftines; but the lowtr end i* 
filled with minute veficular and tranfparent globules ; a 
large globular vef cle is alfo obferved in the fore-part. 

21. The farcimen was foundry Joblot in an infufion- 

of blue bottles, moving very (lowly in an undulatoiy 
manner. The body is cylindrical, about four time* 
as long as broad, truncated at both ends, the inteftines^ ■/ 

opaque, and not to be difting'uifhed from one another. 

It foims itfelf into the (hape of the letter S, by turn- 
ing the two extremities contrariwife. 

22. The index is found in water with the lemna mi- , 
nor ; the body opaque, of a grey colour, and long co- 
nical (hape : the lower end is obtufe, one fide proj edg- 
ing like a finger from the edge, with two very fmall 
proje&ions from the lower end. It has the power of 
retracing thefe projections, and making both end3 ap- 
pear obtufe. 

23. The truncus , with a kind of head, is the larged 
of this kind of animalcules. The body is grey, long* 
and mucous ; the fore-part globular, the hinder pa'rt 
obtufe ; but it can alter its fhape confiderably. Some,- 
times there is an appearance of three teeth proceeding 
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Miorofcope from one of the Tides. Globules of difFerent fizes may 
be obferved within the body. The creature rolls (low- 
ly about from right to left. 

24. The larva is long, round, and filled with mole- 
cules. The fore-part is obtufe and tranfparent, with 
a kind of neck or fmall contra&ion formed near this 
end : the lower part is pointed ; and about the middle 
of the body are two fmall pointed projections like 
nipples, one on each Tide. 

25. The fp alula, with the fore-part tranfparent, and 
of the fhape of a fpatula. It is perfedtly cylindrical, 
crydalline, and marked with fine longitudinal furrows ; 
having generally two tranfparent globules, one below 
the middle, the other near the extremity. It moves 
in a wavering kind of manner, retaining its general 
form, but moving the fpatula in various ways. Muller 
informs us, that he faw it once draw the fpatula with- 
in the body, and keep it there for two hours. 

26. Th e papula, with the fore-part papillary, is found 
in dunghill water in November and December : it 
has a rotatory motion on a longitudinal axis, and moves 
in an oblique direction through the water. Both ends 
are obtufe; and the hinder part is maiked with a 
tranfparent circle, or circular aperture. 

27. The pupa, with a fmall nipple proceeding from 
the apex, has a very (low motion, and refembles the 
former, only that it wants the tranfparent circle, and is 
much larger. It is all opaque but the fore-end, and 
filled with obfeure points. 


V. Vibrio 

A very fimple, invifible, round, and rather long 
worm. 

1. The lineola is found in mod vegetable infufions in 
fuch numbers, that it feems to fill up almoft the whole 
of their fubftance. It is fo finall, that with the bed 
magnifiers we can difeern little more than an obfeure 
tremulous motion among them. It is more (lender than 
the monas terma. 

2. The rugula is like a bent line ; and fometimes 
draws itfelf up in an undulated (hape, at others moves 
without bending the body at all. 

3. The bacillus , equally truncated at both ends, is found 
in an infufion of hay ; but Muller mentions the follow- 
ing remarkable faff, viz, that having made two infufions 
of hay in the fame water, he put the hay whole in the one, 
but cut it in pieces in the other : he found in the former 
none of the vibrio bacillus, but many of the monas lens 
and kolpoda cucullus ; in the latter were many of the 
vibrio, but few of the other. — This is from fix to ten 
times longer than the monas lens, but much more 
(lender. 

4. The undula , is a round, gelatinous, little, undula- 
ting line. This is the animal which Leewenhoeck fays 
is lefs than the tail of one of the feminal animalcules. 
It never appears draight ; but when at red it refem- 
bles the letter V, and when in motion the letter M. 
It commonly reds on the top of the water : fometimes 
it fixes itfelf by one extremity, and whirls round. 

5. The ferpensy with obtufe windings or flexures, is 
found in river-water, but feldom. It is (lender, and 
gelatinous, refembling a ferpentine line, with an intef- 
tine down the middle. 

6. The fpirillum is exceedingly minute, and twided 
in the form of a fpiral, which feems to be its natural 
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(hape, as it never urttwids itfelf, but moves forward iti MIctofcope 
a draight line, vibrating the hind and fore parts. It 
was found in 1782 in an infufion of the fonchus ar* 
vends. 

7. The vermiculus has a milky appearance, with an 
obtufe apex, and a languid undulatory motion, like 
that of the common worm. It is found in marfliy wa- 
ter in November, but feldom. It is thought to be 
the animal mentioned by Leewenhoeck as found in the 
dung of the frog and fpawn of the male libellula. 

8. The intejlinum is found in marfiiy waters, and has / 
a flow progrefiive motion. It is milk-coloured, with 
two obtufe ends, and four or five fpherical eggs arc 
perceivable at the hinder extremity. 

9. The bipundlatus is found in fetid falt-water, and 
moves (lowly ; for the mod part in a draight line. 

The body is pellucid, and of a talc-like appearance 5 
both ends are truncated, and in the middle one or 
two pellucid globules placed lengthwife. 

10. The tripundatus is alfo tranfparent and talcy, 
with both ends tapering. It has three pellucid glo- 
bules, the middle one of which is larged, the fpace 
betv. een them being generally filled with a green mat- 
ter. It moves in a draight line, backwards and for- 
wards. 

1 1. The paxilifa'y or draw-like vibrio, confids of a 
tranfparent membsane, with yellow intedines, and two 
or three vifible points. They are found in parcels to- 
gether from feven to forty in number, and ranged in a 
variety of forms. When at red, they generally affurne 
a quadrangular figure ; and are thought to have fome 
affinity to the hair-like animal deferibed by Mr Baker* 
and of which an account is given under the article 
An IMALCULE, n° 3. 

12. The lunula y or bow-(haped vibrio, refembles the 
moon at its fird quarter ; it is of a green colour, and 
has from feven to ten globules difpofed in a longitudinal 
direction. 

1 3. The vermmus is found in great plenty in falt-water 
kept for./ome days till it becomes fetid. It moves 
quickly, and with an undulatory motion, backwards 
and forwards. It is a long tranfparent membrane, 
with the hind part broader than the fore one. Tlrefe 
animaicula feem to be joined together in a very lingu- 
lar manner. 

14. The tnallaus is found in great plenty in fpring- 
water, and is alternately at red and in motion every 
moment ; in the former cafe refembling the letter T, 
and in the latter V. It is a white pellucid animalcule, 
with a globule affixed to the bale. 

15. The acus is in the (hape of a fewing needle ; the 
neck round and partly tranfparent, and marked in the 
middle with a red point ; the tail refembling a fine 
bridle. 

16. The fagitta, with a fetaceous tail, has a long and 
flexible body; broaded about the middle, and filled there 
alfo with grey molecules ; the fore-part being drawn 
out into a thin and tranfparent neck, and the upper 
end thick and black. It is found in falt-water, and 
feems to move by contracting and extending its neck. 

17. The gordiufy with a tail terminated by a fmall 
tubercle, was found in an infufion made with fait 
water. Its fore part throughout about one fixth 
of it3 length is tranfparent, and furnifhed with an 
alimentary tube of a iky colou'r ; the lower part bc- 
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Mlerofcope-ing bright and pointed 
globules. 

1 8. The firpentulus , fomewhat pointed at both ends. 
This is found in the infufions of vegetables which 
have been kept for fome weeks. Its body is of a 
whitifh colour, frequently convoluted, and drawn in- 
to different figures. The tail is furnifhed with a long 
row of very rninute points. 

1 9. The coluber is found in river water ; the tail is 
extremely fmall, and benj: fo as to form a confiderable 
angle with the body; the mouth, oefophagu 9 , the 
molecules in the inteftines, and the^twiftings of them, 
are eafily difeerned. 

20. The anguillula is divided into four varieties : 1. 
The vinegar eel ; 2. That in pafte ; That of frelh 
water ; and, 4. That of fait. The two firft are treated 
of under the article Animalcule ; the third is ex- 
ceedingly tranfparent, with a few tranfverfe lines upon 
the body, but without any appearance of inteftines 
Sometimes it has a long row of little globules, and is 
frequently furnifhed with two fmall oval ones : the tail 
terminates in a point. It has been found in the fediment 
formed by vegetables on the fidts of veffels in which 
water had been kept for a long time. The fourth va- 
riety appears, when preffed between two glafs plates, to 
be little more than two cry ilalli ne fkins with a kind of 
inteftines of a clay colour. The younger ones are fur- 
nifhed with pellucid molecules. 

21. The linter, or ventricofe oval vibrio, with a 
fhort neck, is found among the lemna, but not very 
frequently. It is among the larger kinds of animal- 
cules, egg-fhaped, pellucid, inflated, and fomewhat 
deprefted at top ; having a moveable ciyftalline neck, 
and the belly filled *ith pellucid molecules. 

22. The utriculus refembles a bottle ; the belly is 
full of molecular inteftines, the neck bright and clear, 
the top truncated, and fome have a pellucid point at 
the bottom of the belly. It has a conftant and violent 
vacillatory motion, the neck moving very quickly 
from fide to fide. 

23. The fafciola is found in water juft freed from 
the froft, and not often in any other fluid. It is pel- 
lucid, with inteftines like points in the middle. There 
is likewife an alimentary canal gradually diminifhing 
in fize. Its motion is very quick. 

24. The colymbus is larger than many of the other 
fpecies of vibrio, and refembles a bird in fhape. The 
neck, which is a little bent, is round, fhorter than the 
trunk, of an equal fize throughout, and of a bright ap- 
pearance, with the apex obtufe. The trunk is thick, 
f< mewhat triangular, full of yellow molecules; the 
fore- part broad, the hinder part acute, the motion flow. 

25. The Jlridus has a linear body, being a bright 
membranaceous thread ; the hinder part fomewhat 
thicker, round, and filled with molecules, excepting 
at the end, where there is a fmall empty pellucid 
fpace. It can draw in the (lender filiform part at 
pleafure. 

26. The anasy with both ends attenuated, and the 
neck longer than the tail, is found in fait water; tho’ 
a kind is likewife found in frefh water with a neck 
longer than the other. The trunk of this animalcule 
is oblong, opaque, and filled with molecules ; the 
fore and hind parts are drawn out into a pellucid talcy 
membrane, which the creature can retia& at plea- 
fure. 

Vol.XI. Part II. 
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middle full of fmall 27. The cwtus is a very pellucid line, crooked at Microfcopc 
top, fweliing in the middle, and fharp at the end ; the 
middle full of dark coloured molecules and pellu- 
cid inteftines. It is very fmall, and moves more 
flowly than any of thofe that move and advance their 
necks. 

28. The anfer is found in water where duckweed 
grows. The trunk is elliptic, round, and without 
any inequality on the Tides. It is full of molecules : 
the hind part ftiarp and bright ; the fore part produced 
into a bending neck, longer than the body ; the apex 
whole and even, with blue canals pafling between the 
marginal edges, occupying the whole length of the 
neck ; and in one of them a violent defeent of water 
to the beginning of the trunk is obfervable. It moves 
the body flow, but the neck more briikly. 

29. The olor is found in water that has been kept 
for a long time, and is full of vegetable green matter.. 

The body is elliptical and ventricofe, the hind part 
fomewhat fharp, and fometimes filled with darkifh mo- 
lecules. The neck is three or four times longer than 
the body ; of an equal fize throughout, and is moved 
very quickly ; but the motion of the body itfelf is flow. 

30. The falx , with a crooked neck, and obtufe hinder 
part, is pellucid and elliptical ; the fore part leffening 
into a little, round, bright neck, nearly as long as 
the trunk. The latter is fomewhat gibbous, and fill- 
ed with very fmall molecules ; and there are two fmall 
bright globules, one within the hind extremity, and 
the other in the middle of the body. The neck of 
this animalcule is immoveable; whence it m.oves fome- 
thing like a feythe. 

31. The intermedins appears to be an intermediate 
fpecies betwixt the falx and the fafciola. It feems to 
be a thin membrane conftantly folded. The whole 
has a cryftailine talcy appearance ; the middle filled 
with grey particles of different fizes. It has all round 
a diftiiftft bright margin. 

VI. Cyclidium . 

A fimple, invifible, flat, pellucid, orbicular or oval 
worm. 

1. The bulla , or orbicular bright cyclidium. This 
is found occafionally in an infufion of hay. It is very 
pellucid and white, but the edges fomewhat darker 
than the reft. It moves flowly, and in a femicircular 
direction. 

2. The millium is very pellucid, and fplendid like 
cryftal ; and of an elliptical figure, with a line through 
the whole length of it. The motion is fwift, inter- 
rupted, and fluttering. 

3. The jluitans is one of the fmalleft animalcula ; the 
body fomewhat of an oval fhape, with two fmall blue 
fpaces at the fides. 

4. The glaucoma has an oval pellucid body, with 
both ends plain, or an oval membrane with a diftindf 
well-defined edge. The inteftines are fo tranfparent, 
that they can fcarce be difeerned when it i3 empty. 

When full, they are of a green colour, and there are 
dark globules difcoverable in the middle. When there 
is plenty of water this animalcule move 3 fwiftly in a 
circular and diagonal dire&ion ; when it moves flowly, 
it feems to be taking in water, and the inteltines are 
in a violent commotion. It generates by divifion. 

5. The nigricans is very fmall, pellucid, and flat, 
with a black margin 
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6. The 
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Murofcope 6. The rojlralium is oval, fmooth, arul very pellu- 
1 cid, with the fore part running out into an obtufe 
point, with which it feems to feel and examine the 
bodies to which it comes. The inteftines are filled 
with a blue liquor, the colour of which fometimes 
vanifhes, and then they feem to be compofcd of ve- 
ficles. 

7. The nucleus refembles a grape feed, the body 
being pellucid and deprefled, the fore part obtuftly 
convex, and the hind part acute. 

8. The hyalinum has a tremulous kind of motion ; 
the body oval, flat, and bright, without any vifible 
inteftines. 

♦ 9. The pediculus is fcarce ever feen but on the hy- 

dra pallida, upon which ip runs as if it had feet. It 
is gelatinous and white ; the bottom gibbous over the 
back ; the extremities deprefled and truncated, with 
one end fometimes apparently cloven into two, which 
may be fuppofed the mouth. 

10. The dubium is of an oval fhape, with one fide 
convex, the other concave ; the margin pellucid, and 
the inner part containing a great number of mole- 
cules. 

V T I . Panama cl um . 

An in vifible, membranaceous, fiat, and pellucid 
worm. 

1. The aurella is membranaceous, pellucid, and four 
times longer than it is broad ; the fore part obtufe 
and tranfparent the hind part filled with molecules. 
It has fomewhat the appearance of a gimlet by reafon 
of a fold which goes from the middle to the apex, 
and is of a triangular figure. It moves in a re&ilinear 
and vacillatcry manner. It is found in ditches where 
there is plenty of duckweed, and will live many 
months in the fame water without any renewal of the 
latter. 

2. The chry falls is found in fait water, and differs 
very little from the former, only the ends are more 
obtufe, and the maigins are filled with black globules. 

3. The verfutum is found in ditches, and ha3 an ob- 
long, green,. and gelatinous body, filled with mole- 
cules ; the lower part thicker than the other ; and 
both ends obtufe. It propagates by divifion. 

4. The ocuiferum is membranaceous, oval, grey,, and 
pellucid, with many oval corpufcles difperfed through 
the body. 

5. The marginatum is flat, elliptical, and every where 
filled with molecules, except in the lower end where 
there is a pellucid veficle. It is furrounded by a broad 
double margin, and a bright fpiral inteftine is obfer- 
cable. 

VIII. Kolpoda.. 

An invifible*pellucid, flat, and crooked worm* 

t. The lamella is very feldom met with. It re fern - 
files a long, narrow, and pellucid membrane* with the 
hind part obtufe, narrower, and curved towards the top. 
It has a vacillatory and very Angular motion ; going 
upon the (harp edge, m on the flat fide as is ufual 
with microfcopic animals. 

2. The galllnula is found in fetid fait water 5 and 
has the apex fomewhat bent, the belly oval, convex, 
and ftriated. 

$> The roflrum is foun d though feldom,. in water 


where the lemna grows ; and has a flow and horizon- Microfcep* 
tal motion. The fore part is bent into a kind of — ■ v 
hook ; the hind part obtufe, and quite filled with 
black molecules. 

4. The ochrea is deprefled, membranaceous, and 
flexible ; one edge nearly ftraight ; the other fomewhat 
bent, filled with obfeure molecules, and a few little 
bladders difperfed here and there. 

5. The mucronata is a dilated bright membrane; the 
apex an obtufe point, with a broad marked border 
running quite round i:. It is filled with grey mole- 
cules within the margin, and has a truncated appear* 
ance. 

6. The triquetra was found in fait water, and ap- 
pears to confiit *f two membranes ; the upper fide flat- 
tened, the lower convex, with the apex bent into a 
kind of fhoulder. 

7. The Jlriata is likewife found in fait water, and 
is very pellucid and white, with the upper part ra- 
ther bent, and terminating in a point ; the lower part 
obtufely round : there is a little black pellucid veficle 
at the apex ; and with a very great magnifying power 
the body appears covered with long ftreaks. 

8. The nucleus is of an oval fhape, with the vertex, 
pointed, and of a brilliant tranfparency, by which the 
vifeera are rendered vifible. Thefe confift of a num- 
ber of round diaphanous veficles. 

9. The meleagrh has a dilated membrane, with very 
fine folds, which it varies in a moment. The fore 
part of the body to the middle is clear and bright; the 
hind part varioufly folded in tranfverfe and elevated 
plaits and full of molecules. Beneath the apex are 
three or four teeth ; but in fome the edge is obtufely 
notched, and fet with fmaller notches. In the hin- 
der part are 1 2 or more equal pellucid globules. 

10. The ajftmllis is found on the fea-coaft, and 
has an elliptic mafs in the middle, but is not folded 
like the former* The margin of the fore part is 
notched from the top to the middle ; the lower part 
fwells out, and contrails again into a fmall point. 

1 1 . The cucullus is found in vegetable infufions, and 
in fetid hay ; moving in all directions, and commonly 
with great vivacity. It is very pellucid, and has a well 
defined margin, filled with little bright veficles differ- 
ing in fize, and of no certain number. Its figure is 
commonly oval, with the top bent into a kind of beak*, 
fometimes oblong, but moil commonly obtufe. It 
has in the in fide from 8 to 24 bright little veficles 
not difcernible in fuch as are young. Some have fup- 
pofed thefe to be animalcules which this creature has 
fwallowed ; but Mr Muller is of opinion that they 
are its offspring. When this creature is near death 
by reafon of the evaporation of the water, it pro- 
trudes its offspring with violence. From fome cir- 
cumftances it would feem probable that this animal- 
cule cafts its fkin, as is the cafe with fome infefts. 

12. The cucullulus is found in an infuiion of the 
fonchus arvenfis. It is very pellucid and cryftalline*. 
with feveral globules, and has an oblique inciflfon a 
little below the apex. 

13. The cuculio is elliptical, flat on the upper fide<* 
and convex on the under ; the fore part is clear, and 
from the muddle to the hinder part is full of lilver-like 
globules. It frequently ftretches out the fore part** 
and folds it in different petitions. 
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MicKcopc y^_. The ren y or crajfa % \ s found inan infufion of hay, 
w v — — commonly about 1 3 hours after the infufion is made, 
and has a quick and vacillatory motion. Its body is yel- 
low, thick, and fomewhat opaque 5 curved a little in 
the middle, fo that it refembles a kidney ; and full 
of molecules. When the water in which it fwims is 
about to fail, it takes an oval form, is compreffed, and 
at laft burfts. 

15. The pirum has an uniform and tranfparent body, 
without any fenfible inequality ; and is of a pale co- 
lour, with obfcure little globules. It propagates by 
divifion. 

16. The cutieus is white, gelatinous, and without 
any diftindl vifcera ; having a bright ftriated pellucid 
pullule on one fide of the fore part. The apex has 
three or four teeth ; and it can bend the hinder part 
«nto a fpiral form. 

IX. Gotilum. 

An invifible, fimple, fmooth, and angular worm. 

1. The peftoralc is found in pure water, and moves 
alternately towards the right and left. It is quadran- 
gular and pellucid, with 16 fpherical molecules of a 
greenifh colour, “ fet in a quadrangular membrane, 
like the jewels in the breaft-plate of the high-pritft, 
refle&ing light on both fides.” 

2. The putvinatum. is found in dunghills ; and ap- 
pears like a little quadrangular membrane, plain on 
both Tides : but with a large magnifier it appears like 
a bolder formed of three or four cylindric pillows funk 
here and there. 

3. The corrugatum i 3 found in various kinds of in- 
fufions; and is fomewhat of a fquare fhape, very fmall, 
and in fome pofitions appears as ftreaked. 

4. The redangulum differs but little from the for- 
mer : the angle at the bafe is a right one ; the larger 
veficle is tranfparent, the reft green. 

5. The truncation is found chiefly in pure water, 
and then but feldom. It has a languid motion, and 
is much larger than the foregoing. The fore part is 
a ftraight line, with which the fides form obtufe 
angles, the ends of the fides being united by a curved 
line. The internal molecules are of a dark green, and 
there are two little bright veficles in the middle. 

X. Btirfaria. 

A very fimple, hollow, membranaceous worm. 

1. The truncatella is vifible to the naked eye ; white, 
oval, and truncated at the top, where there is a large 
aperture defcending towards the bafe. Moft of them 
have four or five yellow eggs at the bottom. They 
move from left to right, and from right to left ; 
afcending to the furface in a ftraight line, and fome- 
times rolling about while they defcend. 

2. The bullina is pellucid and cryftalline, having 
fplendid globules of different lizes fwimming about 
with it. The under fide is convex, the upper hol- 
low, with the fore part forming a kind of lip. 

3. The hirundinella has two fmall projecting wings, 
which give it fomewhat of the appearance of a bird ; 
and it moves fomething like a fwallow. It is invi- 
fible to the naked eye ; but by the microfcope appears 
a pellucid hollow membrane. 

4. The duplella was found among duckweed, and 
appears like a cryftalline membrane folded up, with- 


a fmall congeries ofMicrofcop 


out any vifible inteftines except 
points under one of the folds. 

5. The glob ma has a roundifh fhape, and is hollow ; 
the lower end being furnifhed with black molecules 
of different fizes, the fore part with obfcure points, 
the reft entirely empty, and the middle quite tranfpa- 
rent. It moves very fiowly from right to left. 


XL Cer carta. 

An invifible tranfparent worm with a tail. 

1. The gyrinus greatly refembles the fpermatic ani- 
malcules. It has a white gelatinous body ; the fore 
pait fomewhat globular ; the hind part round, long, 
and pointed. Sometimes it appears a little compreffed 
on eadh fide. When fwimming it keeps its tail in 
continual vibration like a tadpole. 

2. The gibba is found in the infufions of hay and 
other vegetables ; and is fmall, opaque, gelatinous, 
white, and without any vifible inteftines. 

3. The inqukta is found in fait water, and is remark- 
able for changing the fhape of its body : fometimes it 
appears fpherical, fometimes like a long cylinder, and 
fometimes oval. It is white and gelatinous, the tail fili- 
form and flexible, the upper part vibrating violently. A 
pellucid globule may be obferved at the bafe, and tw® 
very fmall black points near the top. 

4. The let nna varies its form fo much, that it might 
be miftaken for the proteus of Baker, deferibed under 
the article Animalcule ; though in fad. it is totally 
different. The body fometimes appears of an oblong, 
fometimes of a triangular, and fometimes of a kidney 
fhape. The tail is generally fhort, thick, and ainui- 
lated ; but fometimes long, flexible, cylindric, and 
without rings ; vibrating, when ftretched out, with 
fo much velocity, that it appears double. A fmall 
pellucid globule, which Muller fuppofes to be its mouth, 
is obfervable at the apex ; and two black points not 
eaiily difeovered, he thinks, are its eyes. Sometimes it 
draws the tail entirely into the body. It walks fiowly 
after taking three or four fteps, and extends the tail, 
ereding it perpendicularly, fliaking and bending it ; 
in which ftate it very much refembles a leaf of the 
lemna. 

5. The turbo , with a tail like a briftle, is found 
among duckweed. It is of a talcy appearance, partly 
oval and partly fpherical ; and feems to be compofed 
of two globular bodies, the lowermoft of which is the 
fmalleft, and it has two little black points like eyes 
on the upper part. The tail is fometimes ftraight, 
fometimes turned back on the body. 

6. The poduria is found in November and Decem- 
ber, in marfhy places covered with lemna. It is pel- 
lucid; and feems to confift of a head, trunk, and tail : 
the head refembles that of a herring ; the trunk is 
ventricofe and full of inteftines, of a fpiral form and 
black colour. The tail moft commonly appears to be 
divided into two briftles. The inteftines are in a con- 
tinual motion when the body moves, and by reafon of 
their various fhades make it appear very rough. There 
arelikewife fome hairs to be perceived. It turns round 
as upon an axis when it moves. 

7. The vir'idis is found in the fpring in ditches of 
ftanding water ; and in fome of its ftates has a confi- 
derable refemblance to the laft, but has a much great- 
er power of changing its fhape. It is naturally cy- 

5 A 2 lindrical, 
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Microfcope lmdricaJ* the lower end (harp, and divided into two 
^ parts ; but fometimes contradts the head and tail fo 
as to afiume a fpherical figure. 

8. The fetlfera is found in fait water, but feldom. 
It is fmall, the body rather opaque, and of a round 
figure. The upper part is bright, and fmaller than 
the reft : the trunk is more opaque ; the tail fharp, 
and near it a little row of fhort hairs. It has a flow 
rotatory motion. 

9. The hirta was likewife found in fait water. It 
is opaque and cylindrical ; and when in motion, the 
body appears to be furrounded with rows of fmall 
hairs feparated from each other. 

TO. The crumena has a ventricofe, cylindrical, thick, 
and wrinkled body ; the lower part fmall ; the upper 
part terminating in a fmall ftrait neck like that of a 
pitcher ; the tail linear, and terminating in two- di- 
verging points. 

11. The catellus has a moveable head fixed to the 
body by a point. The abdomen is twice as long as 
the head, full of inteftines, and has a tail ftill nar- 
rower, and terminating in two briftLes which it can 
unite and feparate at pleafure. It moves brifkly, but 
without going far from its firft place. 

12. The cateJina was found in a ditch where there 
was plenty of duckweed. It is larger than the pre- 
ceding, and has a thicker and more cylindrical body; 
the lower part truncated, with two fhort diverging 
points projecting from the middle. 

13. The lupus is found in water among duckweed, 
and is larger than moft of the genus* The head is 
larger than the body ; the apex turned down into a 
little hook ; the tail is like the body, but narrower, 
terminating in two very bright fpines, which it ex- 
tends in different directions. Sometimes it contracts 
into one half its common fize, and again extends itfelf 
as before. 

14. The 'vermicularts is long, cylindrical, flefhy, and 
capable of changing its fhape. It i§ divided into eight 
or nine rings or folding plaits ; the apex either ob- 
tufe, or notched into two points ; the hinder part ra- 
ther acute, and terminating in two pellucid thorns, 
between which a fwelling is fometimes perceived. It 
often projedts a kind of cloven probofeis from the in- 
cifion at the apex. It is found in water where there 
is duckweed. 

15. Th z forcipata is found in marfhy places, is cy- 
lindrical and wrinkled, with a forked probofeis which 
it can thruft out or pull in. 

16. The pleuronettes is found in water which has 
been kept for feveral months. It is membranaceous, 
roundifh, and white, with two blackifh points in the 
fore part, the hinder part being furmfhed with a (len- 
der fliarp tail. It has orbicular inteftines of different 
fizes in the middle ; the larger of them bright. The 
motion is vacillatory ; and in fwimming it keeps one 
edge of the lateral membrane upwards, the other fold- 
ed down. 

17. The tripos is flat, pellucid, triangular, having 
each angle of the bafe or fore part bent down into two 
linear arms, the apex of the triangle prolonged into 

tail. It is found in fait water. 

18. The cyclidium is frequently found in pure wa- 
ter, and has an oval, fmooth, membranaceous, pellu- 


cid body with a black margin. The tail is concealed Microfcope 
under the edge, and comes out from it at every mo- 
tion, but in fi^ch a manner a6 to project but little from 
the edge. There is alfo a kind of border to the hin- 
der part. 

19. The tenax appears like an oval pellucid mem- 
brane, fomething larger than the monas lens . Tiie 

fore edge is thick and truncated ; the hinder part 
acute, and terminating in a fhort tail. It whirls about 
in various directions with great velocity. 

20. The dlfcus is a fmall orbicular animalcule, with 
a bent tail. 


21. The orbis is round, and has a tail confiding of 
two long bridles. 

22. The luna is likewife round, and has the fore- 
part hollowed into the form of a crefcent. 


XII. Lcucophra. 

An invifible, pellucid, and ciliated worm. 

1 .The conjli^or , with moveable inteftines, is perfectly 
fpherical 3 nd femitranfparent, of a yellow colour, the 
edges dark. It rolls from right to left, but feldom 
removes from the fpot where it is firft found. It is 
filled with a number of the moft minute molecules, 
which move as if they were in a violent conflidt ; and 
in proportion to the number of thefe little combatants 
which are accumulated either on one fide or other, 
the whole mafs rolls either to the right or left. It 
then remains for a little time at reft, and the conflict 
ceafes; but it foon becomes more violent, and the 
fphere moves the contrary way in a fpiral line. 
When the water begins to fail, they afiume an oblong, 
oval, or cylindric figure ; the hinder part of fome be- 
ing compreffed into a triangular fhape, and the tranf- 
parent part efcaping as it were from the inteftines, 
which continue to move with the fame violence tilt 
the water fails, when the molecules fhoot into a fhape- 
lefs mafs, which alfo foon vanifhes, and the whole af- 
fumes the appearance of cryftals of fal ammoniac. 

2. The mamilla is of a dark colour, and filled with 
globular molecules ; fhort hairs are curved inwards ; 
and it occafionally projects and draws in a little white 
protuberance. It is pretty common in marfhy water. 

3. The yirefcens is a large, pear-fhaped, greenifh- 
coloured animalcule, filled with opaque molecules, and 
covered with fhort hairs ; generally moving in a ftraight 
line. It is found in fait water. 

4. The viridis is much fmaller than the former, and 
cannot lengthen or fhorten itfelf as it does. Some- 
times it appears contracted in the middle, as if it were 
to be divided in two. 

5. The burfata is found in fait water, and is fimilar 
in many refpects to the former. It is of a long oval 
fhape, bulging in the middle, and filled with green 
molecules, every where ciliated except at the apex, 
which is truncated and fhaped fomewhat like a purfe; 
the hairs are fometimes collected into little fafcicles. 

6. The pojlhuma is globular, and covered as it were 
with a pellucid net ; is found in fetid fait water. 

7. The aurea is yellow, oval; has both ends equally 
obtufe ; little hairs difeovered with difficulty ; and has 
in general a vehement rotatory motion. 

8. The pertufa is found in fait water; and is gela- 

tinous 
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ofeopetinom and fmall, without any molecules. The fore- 
' part is truncated, the hind -part brought nearly to a 
point, with a kind of oval hole on one fide. 

9. The fracia is long, with finuated angles, white, 
gelatinous, and granulated, changing its form confider- 
ably. 

1 o. The dilatata appears like a gelatinous membrane, 
with a few grey molecules in the fore-part, and a great 
number in the hinder part. It is fometimes dilated 
into a triangular form with finuated fides ; at other 
times the fhape is more irregular and oblong. 

11. Thzfcintillans was found in December among 
the leffer lemnae. It is of a green colour, oval, round, 
and opaque. It is fuppofed to be ciliated from its 
bright twinkling appearance, which probably arifes 
from the motion it gives the water. 

f 2. The vcficulifera is oval, very pellucid, with a 
defined dark edge and infide, containing fome very 
bright bladders or velicles. The middle frequently ap- 
pears blue, and the veficles appear as if fet in a ground 
of that colour. 

13. Tiie glohdifera was found in a ditch where the 
lemna minor grew. The body is round, very pellu- 
cid, without molecules, but with three little pellucid 
globules, and every where fet with fhort hairs. 

r 4. The pujlulata is found in marfhy waters ; and is 
white, gelatinous, and fomewhat granulated; the lower 
part truncated as if an oblique fcftion were made in 
an egg near the bottom. It is covered with little 
ereft fhining hairs, and at the lower extremity a few 
bright puflules may be difcovered. 

1 5. The turblnata is found in ftinking fait water 
and is round, pellucid, fomewhat of the fhape of an 
acorn, with a pellucid globule at the lower end. 

16. The acuta is found in fait water, and is ge- 
latinous, thick, capable of affuming. different fhapes ; 
having the apex bright, and the reft of the body filled 
with little fpherules. Sometimes it draws itfelf up, 
into an orbicular fhape, at others one edge is finuated. 

1 7. The notata is oval, round, and has a black point 
at the edge. 

18. The Candida is found in fait water; and is 
membranaceous, flat, very white, with no vifible in- 
teftines except two oval bodies not eafily perceived. 
The whole edge is ciliated. 

1 9. The nodulata is oblong and oval, with a double 
row of little nodules. 

20. The / ignata is common in fait water in the 
months of November and December. It is oblong and 
fubdepreffed, with a black margin filled with little 
molecules, but more particularly dillinguifhed by a 
curved line in the middle fomewhat in the fhape of 
the letter S ; one end of which is fometimes bent into 
the form of a fmall fpiral. 

21. The trigona is found in marfhes, but not com- 
monly. It is a yellow triangular mafs filled with un- 
equal pellucid veficles, one of which is much larger 
than the red, and the edge furrounded with fhort flue* 
fcuating hairs. 

22. : The Jlulda is fomewhat of a kidney fhape, but 
ventrieofe. 

23 The jlaxa is reniform and finuated. 

24. The armilla is round and annular. 

25. The cornuta is of the fhape of an inverted cone, 
opaque, and of a green colour. This requires to be 


obferved for fome time before we can afeertain its cha- Microfcope 
rafters. The body is compofed of molecular veficles ; ^ v~ ~ , - r 
the fore part is wide and truncated, with a little pro- 
minent horn or hook on both fides; the hind part be- 
ing conical, every where ciliated, and the hairs ex- 
ceedingly minute ; thofe in the fore part are three 
times longer than the former, and move in a circular 
direftion The hinder part is pellucid, and fometimes 
terminates in two or three obtufe pellucid projections. 

At one time this animalcule will appear reniform and 
ciliated on the fore part ; but at another time the 
hairs are concealed. It diffolves into molecular veficles 
when the water evaporates. 

26. The heteroclita appears to the naked eye like a 
white point ; in the microfcope as a cylindrical body, 
the fore part obtufely round, the middle rather drawn 
in ; the lower part round, but much fmaller than the 
upper part. It appears wholly ciliated through a large 
magnifier. 

XIII. Trie bo da* 

An invifible, pellucid, hairy worm. 

1. Th e grandinella is a very fmall pellucid globule 9 
with the inteflines fcarce vifible, the top of the fur- 
face furnifhed with feveral fmall briflles not eafily dis- 
coverable, as the creature has a power of extending 
or drawing them back in an inftant. It is found in 
pure water as well as in infufions of vegetables. 

2. The cometa is a pellucid globule filled with bright 
inteflines, the fore part furnifhed with hairs, the hind 
part with a pellucid globule. 

3. The granata refembles the two former; and has 
a darkifh nucleus in the centre, with fhort hairs on the 
edge. 

4. The trochus is fomewhat of a pear* fhape, and 
pellucid; each fide of the fore part being dillinguifhed 
by a little bunch of hairs. 

5. The gyrinus is one of the fmalleft of this genus, 
and is found in fait water. It is fmooth and free from 
hairs, except at the fore part, where there are a few. 

6. The Jol is fmall, globular, and cryflalline ; befet 
every where with diverging rays longer than the dia - 
meter of the body ; the infide full of molecules. The 
body contraft# and dilates, but the creature remains 
confined to the fame fpot. It was found with other 
animalcules in water which had been kept three weeks. 

7. The folaris is orbicular, bright, and filled with 
globular inteflines, frequently having in it a moveable 
fubftance of the fhape of the letter S. It has hairs 
feklom exceeding 17 in number, fet round the circum- 
ference, each of them nearly equal in length to the 
diameter of the animalcule. 

8. The bomba is of a yellow colour, and full of clay- 
like molecules. - It moves with fuch velocity as to 
elude the fight, and appears of various fhapes, fome- 
times fpherical, fometimes kidney-fhaped, See. 

9. The orbis is compofed of veficular molecules^ 
is of a fpherical figure, fmooth, pellucid, and a little 
notched in the fore part. The notched part is filled 
with long hairs, but there are none on the reft of the 
body. 

10. The urnula is membranaceous, pellucid, fome- 
what in the form of a water pitcher, with the fore 
part hairy. It moves but flowly. 

11. The diota is of a clay-colour, and filled with » 

molecules } ; 
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T Mcr 6fcop£ molecules ; tlie upper part cylindrical and truncated, 
w ^ v ~"' the lower part fpherical, the upper part of the mouth 
hairy at the edges. 

12. The horrida is fomewhat of a conical fhape, the 
fore part rather broad and truncated, the lower part 
obtufe, and the whole covered with radiating briltles, 

1 3. The urinarium is egg-fliaped, with a ftiort hairy 
beak. 

14. The femiluna is fmooth, pellucid, and fhaped 
like a crefcent. 

15. The trigona is of a triangular fhape, a little 
convex on both tides, the fore part acute and ciliated, 
the hind part broader, and having the extremity as it 
v^ere gnawed off. 

16. The tinea is round, not very pellucid, narrow 
in the fore part, and refembling an inverted club. 

17. The nigra was found in fait water, and has an 
opaque body ; but when at reft one fide appears pellu- 
cid. When in violent motion, it feems entirely black. 

1 8. The pubes is found in water where duckweed 
grows, chiefly in the month of December. It has a 
bunch above the hind part marked with black fpots, 
deprefTed towards the top, a little folded, and fome- 
what convex on the under part. The apex is furnifh- 
ed with hairs, but they are feldom vifible till the crea- 
ture is in the agonies of death, when it extends and 
moves them vehemently, and attempting as it were to 
draw in the very Jail drop of water. 

19. The floccus is membranaceous, the fore part ra- 
ther conical, with three fmali hairy papillae projecting 
from the bafe. 

20. The finuafa is found in river water. It is 
oblong and deprefTed, with one margin hollow and 
hairy, and the lower end obtufe. It is of a yellow 
colour, and the hollow edge ciliated. 

2]. The praceps is pellucid, the fore part formed 
into a kind of neck ; one edge riling into a protube- 
rance like a hump-back, the other edge convex. 

22. The proteus is that which Mr Baker diftin- 
guifhes by the fame name, and of which an account 
is given under the article Animalcule. It is 
found in the flimy matter adhering to the iides of 
veflels in which vegetables have been infufed, or ani- 
mal fubftances pieferved. That deferibed by Mr Adams 
was difeovered in the flime produced from the water 
where fmali fifties, water-fnails, &c. had been kept. 
The body refembled that of a fnail, the fhape being 
fomewhat elliptical, but pointed at one end, while from 
the other proceeded a long, fiender, and finely pro- 
portioned neck, of a fize fuitable to the reft of the 
animal. 

23. The verfatilis lives in the fea, and has fome re- 
femblance to the proteus; but the neck is fhorter, the 
apex lefs fpherical, and the hinder part of the trunk 
acute. 

24. The gtbba is pellucid; the upper part fwelled 
out, with numerous molecules, and three large globules 
on the infide. The ends rather incline downwards ; 
and when the water begins to fail, a few minute hairs 
may be difeovered about the head and at the abdomen; 
the body then becomes ftriated longitudinally. 

25. The foeta fomewhat refembles a rolling-pin in 
fhape ; has both ends obtufe, and one fhorter than the 
other. It can draw in the ends, and fwdl out the 
iides, fo as to appear almofl fpherical. 


26. The patens is found in fait water ; and is of aMicrofrope 
long cylindrical fhape, filled with molecules, the fore- ~~'V ' tTU * 
part bright and clear, with a long opening near the 

top which tapers to a point, and is befet with hairs. 

27. The patula is ventricofe, rather inclining to an 
oval figure, with a fmali tube at the fore part, the up- 
per part of which is hairy. 

28. The foveata is oblong and rather broad, with 
three little horns on the fore part. 

29. The Jlriata is found in the month of Decem- 
ber in river-water. It is a beautiful animalcule, of a 
fox colour. It is of an oblong fhape, the lower end 
fomewhat larger than the other. It has afet of ftreaks 
running from one end to the other, and at the abdo- 
men a double row of little eggs lying in a tranfverfe 
dire&ion. 

30. The uvula is found in the infufion of hay and 
other vegetables. It is fix times longer than broad, 
round, flexuous, of an equal fize, the greater part filled 
with obfeure molecules ; the fore part rather empty, 
with an alimentary canal and lucid globules near the 
middle. The margin of the fore part is covered with 
fhort hairs. 

31. The aurantta is of a gold colour, pellucid, and 
filled with veficles. 

32. The ignita is of a fine purple colour, with fome- 
thing of a reddifh caft, pellucid, fplendid, with a num- 
ber of globules of different fizes ; the fore part fmali, 
the hinder part obtufe, with a very large opening which 
feems to run through the body. 

33. The prlfma is very fmali, and fo tranfparent that 
it cannot ealiiy be delineated. It is of a* fingular 
fhape ; the under part being convex, the upper com- 
preffed into a kind of keel, and the fore part fmali. 

34. The forceps is found about the winter folftice 
in water covered with lemna. It is of a yellow colour, 
large, fomewhat tranfparent, and filled with mole- 
cules, with a large opaque globule in the lower part. 

The fore part is divided into long lobes, one of which 
is falciform and acute, the other dilated and ob- 
liquely truncated. It can open, fhut, or crofs, thofe 
lobes at pleafure ; and by the motion of them it ap- 
pears to fuck in the water. 

35. The forfex is found in river water. It has the 
fore part formed into a kind of forceps, one of which 
is twice as long as the other, hooked and ciliated. 

36. The index is found in fait water, and has the 
under part of the front of the margin hairy; the apex 
is formed by the fore part proje&ing like a finger on 
a dire&ion poft. 

37. The trichoda is ©f a yellow colour, formed of 
two pellucid membranes ftriated longitudinally ; the 
lower end obliquely truncated, and the two extremities 
bent in oppofite dire&ions. 

38. The navicula has three corners; the fore part 
truncated and ciliated, the hind part acute and bent a 
little upwards. It has a cryftalline appearance, and a 
kind of longitudinal keel runs down the middle. 

39. The fuccifa is of a flattened oval fhape, the edge 
hairy, and hollowed out in fuch a manner as to form 
two unequal legs. 

40. The fulcata is ovated and ventricofe, the apex 
acute, with a furrow at the abdomen, and bothfidesof 
it ciliated. 

41. The anas is found in pure water ; and is {booth, 
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^l!«rorcopef 1V e times broader than it is lon£, filled with darkiih 
molecules. It has a bright neck, under the top of 
which are a few unequal hairs. It moves but lan- 
guidly. 

42. The barlata is round, fome what linear, with 
both ends obtufe ; the fore part narrower, forming as 
it were a kind of neck, under which is a row of fluc- 
tuating hairs. The trunk is full of grey molecules. 

43. The farcimen is long, round, pellucid, and co- 
vered with very minute hairs, and has a great number 
of mucous velicles about the body. 

4^. The crinita is long, round, every where ciliated 
on the upper part, and the under part likewife hairy 
as far as the middle. 

45. The angulus is long, more convex than mod of 
the genus, divided by a kind of articulation in the 
middle into two parts equal in breadth, but of differ- 
ent lengths ; the apex has fhort waving hair. 

46. The linter is found in an infufion of old grafs. 

It is egg-fhaped, oblong, with both extremities railed 
fo that the bottom becomes convex, and the upper part 
depreffed like a boat : it is of different (hapes at diffe- 
rent ages, and fometimes has a rotatory motion. 

47. The paxillus is found in fait water ; and is long, 
full of grey molecules; the fore part truncated and 
hairy, and rather fmaller than the other. 

48. The vermicularis is found in river water ; and is 
pellucid in the fore part, with the hind part full of 
molecules. 

49. The melitaa is found in fait water, but very rare- 
ly. It is oblong, ciliated, with a globular apex, a di- 
latable neck, and a kind of periftaltic motion per- 
ceivable within it. 

50. The jimbriata is fubovated, the apex hairy, the 
hinder part obliquely truncated and ferrated. 

5 1. The camelus is found but rarely in vegetable in- 
fufions, and moves in a languid manner. The fore 
part is ventricofe ; the back divided by an incifion in 
the middle into two tubercles ; the lower part of the 
belly finuated. 

52. The augur is oblong* depreffed, pellucid, and 
filled with molecules: the vertex is truncated, the fore- 
part forming a fmall beak with three feet underneath; 
beyond which, toward the hinder part, it is furnifhed 
with bridles. 

53. The pupa is roundifh, pellucid, and confids of 
three parts. The head is broad, and appears to be 
hooded, the top being furnifhed with vety fmall hairs; 

©n the lower part of the head is a tranfparent veficle, 
and over the bread from the bafe of the head hangs a 
produ&ion refembling the (heath of the feet in the pupa 
of the gnat. 

54. The lunaris is round and crydalline; the hinder 
part fmaller than the other. The edge of the back 
and the part near the tail are br'ght and clear. It 
bends itfelf into the form of an arch. 

55. The bi/unis is arched and flattened with an hairy 
apex, and two little bridles proceeding from the tail. 

56. The rattus is oblong, with a kind of keel ; the 
fore part hairy, and a very longbriftle proceeding from, 
the hinder part. 

57. The tlgrls refembles the former, but differs in. 
the form of the tail, which confifls of two bridles, and 
likewife in having a kiud cf incifion in the body 
little below the apes. 


m r c 

58. The perillum is frequently found in msrfhes. ItMk-nfep^ 

is cylindrical, pellucid, mufcular, and capable of being * vJ L 

folded up. It appears double; the interior part full 

of molecules, with an orbicular mufcular appendage, 
which it can open and fhut, and which forms the 
mouth. The external part is membranaceous, pellu- 
cid, dilated, and marked with tranfverfe ftreaks ; and 
it can protrude or draw in the orbicular membrane at 
pleafure. Some have four articulations in the tail* 
others five; and it has two pairs of bridles, one placed 
at the fecond joint, the other at the lad. 

59. The davits has a confiderable refemblance to a 
common nail ; the fore part is round and hairy, the 
hinder part terminating in a (harp tail. 

60. The cornuta is membranaceous, elliptical, full 
of molecules; the fore part lunated, the other round* 
and terminating in a tail as long as the body. 

61. The galllna is found in river water. It is of 
a grey colour, flat, with feven large molecules and glo- 
bules within it; the front obtufe, fet with hairs; the 
hinder part terminating in a tail formed of very tine 
hairs. 

62. The nufculus is found in the infufions of hay 
which have been kept for fome months. It is fmooth* 
egg-fhaped, with a double margin drawn underneath, 
it; the foie part narrow, and furnifhed with fhort hairs, 
which continually play about ; having a fmall tail un- 
derneath. It moves (lowly, and is furnifhed with 
molecular inteflines. 

63. The delphls is found in river water. It is fmooth, 
pellucid, having the fore part dilated into a femicircle*. 
gradually decreafing in breadth towards the tail. The 
front is hairy, the hairs {landing as rays from the 
femicircular edge : one of the edges is fometimes con* 
trailed. 

64. The delphlnus is found in hay that has been, 
infufed for fome months. It is pellucid* fmooth, and 
egg-fhaped; the hinder part terminating in a tail about 
half the length of the body, dilated at the upper end pr 
truncated, and always bent upwards. It moves foiue- 
times on its belly and fometime3 on its fide. 

65. The dava , or club trichoda*. has the fore part, 
thick, but the hinder part narrow; both extremities- 
obtufe, pellucid, and replete with molecules ; the hind 
part bent down towards the middle. 

66. The cuniculus is oblong, the fore part hairy, the 
hinder part rather acute* and filled with molecules and 
black veficles. 

67. The fdis is large and curved, the fore part fmall*, 
the hinder part gradually diminifhing. into a tail, the 
under part befet with hairs longitudinally. 

68. The pi/cis, is oblong, the fore part hairy, the- 
hind part terminating in a very (lender tail. It is- 
fmooth, pellucid, much longer than broad, and filled. 
with yellow molecules ; the fore part obtufe, the hin- 
der part extremely (lender and tranfparent, the upper 
fide convex. 

69. The Jams. is long, round,, befet with hairs, and; 
has the tail divided into two points. 

70.. The lougicauda is cylindrical; the fore part trun- 
cated, and beict with hairs ;. the tail long, furnifhed;. 
with two bridles, and having two joints. 

7 1. The fxa has the circumference fet with hairs*, 
and a little folitary pedicle proje&ing from the body* 

72. The inquilinus 13 fheathed within a cylindrical^ 

& tranfiparmi 
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M ? erofcope tranfparent bag, having a little pedicle bent back with- 
in the bag. 

73, The ingenlta Is fheathed in a depreffed bag* 
broaded at the bafe. The animalcule itfelf is funnel- 
fhaped, with one or more hairs proceeding from each 
fide of the mouth of the funnel. Ic can extend or 
contraft itfelf within the bag, fixing its tail to the 
bafe, without touching the Tides. It is found in fait 


water. 

74. The mnata is fheathed in a cylindrical bag, with 
a pedicle paffing through and projecting beyond it. 

75. The transfuga is broad, the fore part hairy, the 
hinder part full of briflles ; one fide finuated, and the 
other pointed. 

76. The ciliata is ventricofe, the hinder part covered 
with hair. 

77. The bulla is membranaceous, the Tides bent in- 
wards ; the fore and hind parts both covered with 
hairs. 

78. Th e peUionella is fomewhat (hick in the middle, 
and pellucid, with a few molecules here and there; the 
fides obtufe, the fore pari ciliated with very tine hairs, 
the hinder; part fet with bridles. 

79. The cyllidium has the hinder extremity filled 
with globules of various fizes. It vacillates upon the 
edge, commonly advancing on its flat fide, and conti- 
nually drawing in water. It then gapes, and opens 
into a very acute angle, almofl to the middle of the 
body; but this is done fo indantaneoufly, that it can 
fcarce be perceived. 

80. The curfor is oval, the fore part hairy, and the 
hinder part alfo furnifhed with Tome draight and curved 
hairs in two fafcicles. Its body is flat, and filled with 
molecules; and in the. fore part is an oblong empty 
fpace, into which we may fometimes fee the water 
Tucked in. 

. 81. Th tpulex is egg-flraped, wich an incifion in the 
•fore part ; the front and bafe hairy. 

82. The lynceus is nearly fquare, with a crooked 
beak and hairy mouth. It is membranaceous, and 
appears compreffed, dretched out into a beak above, 
under which there is a little bundle of hairs; the lower 
edge bends in and out, and is furrounded with a few 
bridles. The intedines are beautiful, and a fmall bent 
tube goes from the mouth to them in the middle of the 
body. There is likewife another tube between the 
fore and hind edge, filled with blue liquor. The in- 
tedines and other tube are frequently in motion. 

83. The erofa is orbicular, the fere part notched; 
one fide furnifhed with hairs, the hinder part with 
bridles. 

84. The rojlrata is found in water where duckweed 
has been kept. It is deprefled, capable of changing 
its fhape, yellow, with long ciliated hairs; it has four feet 
tapering to a point, one of them longer than the red. 
Both feet and hairs are within the margin. The flrape 
of the body is generally triangular ; the apex formed 
into an obtufe beak, which the creature fometimes 
draws in fo that it appears quite round. 

85. The lagena is round, ventricofe, with a long 
neck, and the lower end fet with bridles. 

86. The charon was found in fait water. It is oval, 
and refembles a boat as well in its motion as fhape : 
the upper part is hollowed, the under part furrowed 
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and convex ; the Hern round, with feveral hairs pro* Mircofc^po 
ceeding from it. v—’-* 

87. The cimex is about the fize of the lyncus, has 
an oval body, with a convex back, flat belly, and inci- 
fion in the margin of the fore part, the edges of 
which incifion appear to move. When this animalcule 
meets with any obftacles in fwimming, it makes ufe 
of four bridles, which appear on the under fide as 
feet. 

88. The cicada differs but little from the cimex. 

It is oval, with an obfeure margin, the fore pavt co- 
vered with hairs on the under fide, and the hinder 
paits beardkfs. 

XIV. Kerona. 

An invifible worm with horns. 

1. The rajlellum is found in river water. It hai 
three rows of horns on the back, which occupy almoll 
the whole of it. 

2. The lyncajler is fquare, and its dife furnifhed with 
fhining horns. 

3. The hijlrlo appears an oblong membrane, pellucid, 
with four or five black points in the fore part, which 
are continually changing their fituation, thick fet with 
fmall globules in the middle, among which four larger 
ones are fometimes perceived, which by $Ir Adama 
are fuppofed to be eggs. In the middle of the hind 
part are fome longitudinal drakes refembling briflles, 
which, however, do not feem to projtdl beyond the 
body. 

4. The cypris is found in water covered with lemna* 

It is fomewhat of a pear fhape, compreffed, with a 
broad and blunt fore part; the front furnifhed with 
hairs or little vibrating points inferted under the edge, 
fhorter in the hind part, partly extended draight, and 
partly bent down, having a retrograde motion. 

5. The baujlrum is orbicular, with the horns in the 
middle, the fore part membranaceous and ciliated, with 
fevcral bridles at the hinder part. 

6. The haujlallum differs from the preceding only in 
having the hinder part without any bridles. 

7. The patella has an univalved (hell, is orbicular, 
crydalline; the fore part fomewhat notched; the flefhy 
body in the middle of the fhell; with horns or hairs of 
different lengths jutting out beyond the fhell, and ail- 
ing indead of feet and oars, fome of which are bent; 
and the fuperior ones conditute a double tranfverfc 
row. 

8. The vannus is oval and rather flat, with^one edge 
bent, the oppofite one ciliated, the front furnifhed with 
horns, and the hind part with bridles. 

9. The pullajler agrees in many refpe&s with the 
trichoda pulex ; the upper part is pellucid, without any 
black molecules ; the front truncated, the whole fur- 
face of the head covered with hair, and the fore part 
finuous. 

10. The mytillus is a large animalcule ; the fore ard 
hind parts rounded, very pellucid and white, dark ii* 
the middle, with black intedines intermixed with a 
few pellucid veficles ; both extremities appearing as if 
compofed of two thin plates. It has two fmall horns, 
with which it agitates the water fo as to form a little 
whirlpool. 

u. The lepus is egg- fhaped, compreffed, pellucid, 
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Micr ofcope and crowned with fhort waving hairs ; the bafe termi- 
v nated wfith briftles. 

i 2. The Jilurus is an oval, fmooth, animalcule, fome- 
what crooked and opaque, with a fafcicle of vibrating 
hair on the fore part : it has a fharp tail furnifhed 
with unequal row’s of moveable hairs, the back being 
alfo ciliated : the hairs produce a rotatory motion. 
The figure varies from oval to oblong, and the filaments 
of the conferva are often entangled in the tail. 

13. The calvitium is found in the infufion of vege- 
tables. The body is broad and flat, both fides ob- 
tufe, filled w ? ith black molecules, and there is a black 
fpot near the hinder part, where there are likewife a 
few fiiort bridles. 

14. The pujhdata is found in fait water. It is 
oval, convex; one edge' of the hinder part finuated, 
both ends fet with hairs, and lome horns on the fore 
part. 


XV. Himantopus : 

A pellucid, invifible, and cirrated worm. 

T. The acarus is lively, conical, ventricofe, full of 
black molecules, with a bright and tranfparent fore 
part. The lower part of the apex has rows of long 
hairs on the under part fet like rays. Four locks of 
long crooked hair or feet proceed from the belly, and 
it is continually moving thefe' and other hairs in va- 
rious directions. 

2. The Ittdio is a lively diverting animalcule, fmooth, 
pellucid, full of fmall points, the fore part clubbed and 
a little bent, the hinder part narrow; the bafe oblique- 
ly truncated, and terminating in a tail flretched out 
tranfverfely. The top' of the head and tniddle of the 
back are furnifhed with long and vibrating hairs; three 
moveable and flexible curls hang down from the fide 
of the head at a diftance from each other. When the 
creature is at reft, its tail is curled; but when in mo- 
tion, it is drawn tight and extended upwards. 

5. The fannio is found, though feldom, in vrater 
where the lemna grows. The cilia are longer than the 
hairs, and are continually vibrating: it has two move- 
able curls hanging on the fide of the head. 

4. The volutator is fhaped like a crefcent, and has 
fome cryftalline points ; the convex part has a row of 
hairs longeft towards the tail, and underneath are four 
feet. It is very lively, and often turns round with a 
fwift circular motion. 

5. The larva is long and cirrated’in the middle ; 
the body is depreffed and long; the hinder parts acute, 
and generally curved, pellucid, and filled with granular 
molecules. 

6. The charoti is found in fea-w ? ater, but rarely. It 
is oval, pellucid, and membranous, with longitudinal 
furrows, and feveral bent diverging rows of hair be- 
low the middle, but none on the hinder part. 

7. The corona is a membranous lamina, very thin, 
pellucid, cryftalline, and femilunar : the edge of the 
bafe thick fet with molecular inteftines ; the fore part 
furnifhed with a kind of mane ;* towards the hind part 
are three equal curved hairs or fpines. 

XVI. Vorticella * 

A naked worm with rotatory cilia, capable of 
contracting and extending itfelf. 

1. The viridis is vifible to the naked eye, appearing 
Vol.XI. Partll. 
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like a fmall green point; but the microfcope difeovers Microfcope 
it to be nearly cylindrical, a little thicker at the fore "v— 
part than the other, and obtufe at both ends. It ap- 
pears to be totally deftitute of limbs, notwithftanding 
which it keeps the water in continual motion ; fo 
that it probably has fome invifible rotatory inflru- 
ment. It moves fometimes circularly, fometimes in a 
flraight line. 

2. The fpheroida appears alfo like a point; but thro* 
the microfcope as a globular mafs of a dark green co- 
lour. It occafipns a vehement motion in the water, 
probably by means of fome fhort hairs with which it 13 
furnifhed. 

3. The cinfia is of an irregular fhape, fometimes af- 
fuming an 6val figure, and appearing a3 if girt round 
with a tranfverfe keel. It is invifible to the naked eye, 
ciliated on every fide ; the hairs all moveable, and 
longer on one fide than the other. 

4. The lunifera is found in fait water ; has the 
fore-part obtufe, the bafe broad, and hollowed 
away like a crefcent, with a fhort protuberance in 
the middle of the concave part ; the fore part is cili- 
ated . 

5. The burfata is found in fait water, and is ventri* 
cofe, crammed with molecules ; the fore part trunca- 
ted, and both fides of it pellucid: there is a prominent 
papilla in the middle, which when the animalcule is at 
reft appears notched, the edge of the aperture being ci- 
liated; the hairs are capable of moving in various di- 
rections. 

6. The varia is cylindrical, truncated, opaque, and 
blackifh coloured ; the fore part ciliated. 

7. The fputarium is found in October, with the 
leffer lemna, and is one of the moft fingular of the mi- 
crofcopic animalcules. When viewed fide wife, it is 
fometimes nearly cylindrical, only tapering a little to- 
wards the hinder part, and having a broad pellucid 
edge. Viewed from the top, it has fometimes a broad 
face or dife, furnifhed with radiating hairs, the under 
part contract'd into a globular fhape, of a dark green 
colour, and filled with fmall grains. 

8. The polymorpha is vifible to the naked eye, and 
appears like a green point moving with gteat agility 5 
but when viewed through a microfcope, it affumesfuch 
a variety of forms, that it is impoffible to deferibe 
them. The body is granulous ; and a feries of pellu- 
cid points is fometimes to be obferved. 

9. The multiformis is found in fait water, and very 
much refembles the former. 

to. The nigra is found in Auguft in meadows cover- 
ed vrith water. It may be feen with the naked eye* 
appearing like a black point fwimming on the furface. 

Through the microfcope it appears as a fmall conical 
body, obtufe and ventricofe at one end and acute at 
the other. When the extremities are extended, two 
fmall white hooks become vifible, by the afiiftance of 
which it moves in the water, and it probably has a ro- 
tatory organ : it moves continually in a vacillating 
manner on the top of the w ? ater. 

1 1. The cucullus is likewife vifible to the naked eye: 
it is of a dirty red colour, of a fhape fomewhat conical* 
and refembling a grenadiers cap. 

12. The utriculata is g,reen and ventricofe; the belly 
capable of being lengthened or fhortened ; the fore 
part truncated, much in the fhape of a common water 

J.® bottle* 
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M’crofcepe bottle ; the neck is fometimes very long, fometimes 
L ~ sa ''v~" very fhort, and filled with green molecules. 

13. The ocrecita is met with in rivers, though very 
feldom, and in fhapeTomewhat refembles the lower part 
of a boot. The apex of the upper part is truncated 
and ciliated, the heel pointed, and the foot round. 

14. The valga is as broad as long, and the apex 
truncated and ciliated; both angles of the bafe pro- 
jecting outwards, one fomewhat like a wart, the other 
like a finger: It is found in marfhy waters. 

15. The papillaris is like wife found in marfhes where 
the confemi nitida grows. It is ventricofe; the fore 
part truncated, with a papillary tail, and a beautiful 
papillary excrefcence on the fide. 

j 6. The faccuJus is thick, of an equal diameter every 
where, and full of molecules. The edge of the mouth is 
bent back; the hinder part is obtufe, fometimes notch- 
ed and contracted, with cilia to be feen on both lides 
of the mouth. 

17. The cirrata is found in ditch-water. It is ven- 
tricofe, the aperture finuated, and two tufts of hair on 
each fide of ’the belly. 

18. The nafuta is invifible to the naked eye, but the 
microfcope difcovers it to be furnifhed with a rotatory 
©rgan enccmpafiing the middle. It is pellucid, cylin 
drical, of an unequal fize; the fore part truncated and 
ciliated, with a triangular prominence in the middle of 
the aperture ; the hinder part is obtufe, with a point 
on each fide of the middle of the body. When the 
water is nearly exhaled, two rotatory organs are ob- 
fervable ; one on the fore part, and the other encom- 
pafiing the middle of the body; the hairs of the latter 
being in violent motion. Other fafcicles of moving 
hair are likewife to be obferved; and the quick and va- 
rious motions of this apparatus are very furprifing. 

19. The Jlellina 13 of an orbicular fhape, with a mole- 
cular dife and ciliated margin. 

20. The difeina is likewife orbicular, the edge cilia- 
ted, with a kind of handle on the under fide. 

21. The feyphina is bowl-fhaped, cryftalline, with an 
opaque fpherule in the middle. 

22. Th t albina is cylindrical in the fore part, the 
hinder part tapering, and almoft ending in a point* 

23. The fritillina is empty and cylindrical, with a 
truncated apex. 

24. The truncatella is of the larger kind of animal- 
cules, with a cryftalline body, full of black molecules, 
the {kin perfectly fmooth and colourlefs, the hinder 
extremity rounded, and the anterior part truncated: at 
this extremity there is a large opening that ferves 
for a mouth, which is thickly ciliated. 

25. The limacina is cylindrical, truncated, and has 
two pair of cilia. 

26. The fraxinina is moftly cylindrical, the hinder 
pare rather tapering, and full of opaque molecules ; 
tranfparent towards the upper end. Within the edge 
at the top are two fmall tubercles, from each fide of 
which proceeds a pair of fmall haira. 

27. The cratagaria is found in the month of April, 
both in the mud and on the tail of the monoculus qua- 
dricornis. They are generally heaped together in a 
fpherical form, and united to one common {talk. They 
are likewife often to be found without a pedicle, the 
body rather contracted, the aperture circular, and fur= 


rounded with a marked margin. It has two fmall M erofeopd 
arms ; and with a powerful magnifier a violent ro- * - mf 
tatory motion may be obferved, Sometimes an indi- 
vidual will feparate from the community, and move in 
a kind of fpiral line for a little time, and then go back 
to the reft. 

28. The Jmmata is not ciliated, nor has it any hairs 
upon it ; the body is granulated, the fore part broad 
and truncated, the hinder part obtufe, and capable of 
being contracted or extended. 

29. The craterifomus is a lively animalcule, pellucid, 
round, longer than i; is broad, approaching fomewhat 
to a fquare figure, with convex fides : the head is fi- 
tuated at the large end, the (kin fmooth, and fome tra- 
ces of inteftines may be difeovered with difficulty. 

There is a confiderable opening furrounded by hair at 
the larger end, and the filaments compofing it are in 
continual motion. Two of them are fometimes feen 
joined together, and full of fmall fphericles. In thia 
ftate they draw each other alternately different ways; 
the furface is fmooth, and the hairs invifible. 

30. The canallculata appears to the naked eye as a 
number of white points adhering to the fides of the 
glafs. When magnified, che fore part is narrower than 
the hind one ; in the fide is a kind of incifion, and the 
hinder part is notched towards the middle. It excites 
a continual whirling motion in the water by means of 
a rotatory organ with which it is furnifhed. 

31. The verfatilis is a pellucid, gelatinous animalcule, 
of a greenifh colour, and furnifhed with fmall radii 
about the circumference; fo that it appears like a very 
fmall water hedge-hog.. 

32. The ampulla is contained in a tranfparent bottle- 
fhaped bag ; the head divided into two lobes. It fome- 
times lies at the bottom of the bag, and fometimes 
nearly fills the whole of it. 

33. The fstticuldh t is gelatinous and cylindrical; and 
when mod extended, the bale appears attenuated, and 
the apex truncated. 

34. The larva is of a clay colour, the aperture ci- 
liated, with a globular projection at times appearing to 
proceed from it. 

35* The facculala has the fhape of an inverted cone, 
with an aperture in the figure of a crefcent; the lower 
part of the trunk notched, forming as it were two 
teeth ; the tail biphyllous. Each of thefe is furround- 
ed with a loofe bright {kin, the head being divided from 
the trunk by a deep incifion. 

36. The aurlta is cylindrical and ventricofe, the a- 
perture deftitute of hairs ; both fides of it are furnifhed 
with rotatory cilia, and the tail is biphyllous. 

37. The tremula has fomething of a conical fhape; 
the mouth being divided into parts which are fet with 
fmall fpines ; and a point projeCts from the tail. 

38. The fer it a is mufeuiar, pellucid, folding variouf- 
ly ; the fore part truncated : round the margin are 
rows of hairs ; but it has alfo differ hairs or fpines 
continually vibrating, with which it draws in all ani- 
mate and inanimate fubftances which it is able to ma- 
nage. 

39. The lacinulata is fhaped like an inverted cone, 
the aperture lobated, the tail fmall and furnifhed with 
two briftles. When fwimming, the rotatory organ may 
be difeovered. It moves fwiftly in an oblique direction. 

40, Ths 
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40. The eonjlritta is of two kinds ; vis, of a pale 
yellow and of a white colour. They move by fixing 
their tail to the place where they are, and then extend- 
ing their body as much as pofiible; fixing the fore part 
to the place to which they intend to move, then draw- 
ing the hinder part to it, and fo on. Sometimes they 
turn round about upon one of the points of their tail ; 
at other times they fpring forwards with a jerk. When 
at re ft they open their mouths very wide. 

41. The togata has a convex body, filled with mole- 
cules, and of a dark colour; the hinder part fomewhat 
broader than the forepart ; the latter ciliated, and the 
tail formed of two very thin pellucid fpines, which are 
fomewhat curved, and much longer than the body. 

42. The rotatoria is the wheel animal defcribed by Mr 
Baker; and of which an account is given under the ar- 
ticle Animalcule. 

43. The furcata is commonly found in water, and 
has a cylindric body with a rotatory organ, confiding 
of a row of hairs at the apex : the tail is divided into 
two parts, turning a little inwards. When at red it 
joins the fegments of the tail, but opens them when 
in motion. 

44. The catulus is commonly found in marfhy wa- 
ters. It is a httle thick mufcular animalcule, folding 
itfelf up: equally broad throughout, the body disfi- 
gured by longitudinal folds, winding in various direc- 
tions. The anterior part is conne&ed to the body by 
a little neck; and it occafionally fhows a fmali rotatory 
organ. Its motion is rotatory, but in various direc- 
tions. 

45. The canicula is cylindrical, the aperture plain, 
with a fhort articulated tail divided into two parts. 

46. The fells has a large body, the apex of an equal 
thicknefa, obtufe, with rotatory filaments : the tail is 
acute, with two pellucid fpines in length about one- 
third part of the body, alternately feparating from and 
approaching one another. 

47. The Jlentorea. Sec the article Polype. 

48. The focialisy when confiderably magnified, ap- 
pears like a circle furroundcd with crowns or ciliated 
heads, tied by fmali thin tails to a common centre, 
from whence they advance towards the circumference, 
where they turn very brifkly, occafioning a kind of 
whirlpool, which brings its food* When one of them 
has been in motion for a time, it flops and another be- 
gins; fometimes two or three may be perceived in mo- 
tion at once: they are frequently to be met with fepa- 
rate, with the tail flicking in the mud. The body 
contracts and dilates very much, fo as fometimes to 
have die appearance of a cudgel, at others to affume 
almoll a globular form. 

49. The fiofculofa appears to the naked eye like a 
yellow globule adhering to the ceratophyllon like a 
little flower or a heap of yellow eggs* When magni- 
fied, they are feen to coufift of a congeries of animal- 
ctila conllituting a fphere from a mouldy centre. They 
contradl and extend their bodies either alone or in fo- 
ciety, and excite a vortex in the water by means of a 
difc. When they quit the fociety and ad fingly, they 
may be obferved to confift of a head, abdomen, and 
tail ; the head being frequently drawn back into the 
abdomen fo far that it cannot be feen, only exhibiting 
a broad kidney- fhaped difc Handing out. The abdo- 


men is oblong, oval, and tranfparent; the tail fharp, Micrafcap*- 
twice as long as the abdomen, fometimes rough and 
annulated, or altogether fmooth. 

50. The citrina is found in flagnant water; the head 
full of molecules, round, every where of an equal fize, 
and very tranfparent. Both Tides of the orifice are 
ciliated, and each has a rotatory motion appearing 
fometimes without and fometimes within the edge of 
the mouth. 

51. The piriformis is fomewhat oval, with a very 
fmali retradlile foot, which it can draw within itfelf. 

52. The tuherofa has a broad upper part, the under 

part fmali, with two projections at the anterior end, 
furnifhed with a number of fibrillae, which produce a 
current of water by their vibration, and thus colled: 
food for the animal. ' 

53. The ringens is pear-fiiaped, pellucid, the middle 
of the aperture convex, both tides ciliated, the pedicle 
four times fliorter than the body. It can contrail the 
orifice to an obtufe point- 

54. The inclinans has a pendulous, pellucid, little 
head ; the anterior part truncated, and occafionall/ 
contradling itfelf twice as Ihort as the pedicle. It is 
fhaped like a tobacco-pipe. 

55. The naginata is ered, of the fli ape of a trun- 
cated egg ; the pedicle is contained in a (heath. 

56. The globularia is frequent among the cyclopa 
quadricorni. It has a fmali fpherical head, the aper- 
ture of the mouth ciliated, the pedicle four times 
larger than the body, which it contrails into a fpiral 
form. 

57 The lunaris has a fmali goblet-fhaped head, the 
margin of the orifice protuberant, ciliated on both Tides, 
with undulating hairs, and the pedicle eight or ten 
times the length of the body. The pedicle extends 
itfelf as often as the mouth is opened, but is twilled 
up fpiraliy when it is (hut ; and this is frequently re* 
peated in a fhort fpace. 

58. The convallaria is the fame with the bell-ani- 
mal mentioned by Mr Baker. See the article Ani- 
malcule. 

59. The nutans has a fimple pedicle ; twills itfelf 
fpiraliy ; is extremely (lender, with a kind of cap on 
its head ; the margin white and round, and feemingly 
encompalled with a lucid ring ; the head diminifhing 
towards the bafe. 

60. The nebulifera is narrow at the bafe ; open and 
truncated at the top ; the margin feemingly furround- 
ed with a ring : but, when the aperture is fliut, the 
animalcule is of the lhape of an egg, with a fimple fe- 
taceous pedicle, confiderably longer than the body, 
and commonly much bent back. 

61. The annularis is vifible to the naked eye ; the 
head an inverted cone, convex when the mouth is lhut t 
but truncated when it is open ; with a protuberant 
edge ; the pedicle fimple., very long, thick, and, 
whiter at the top than any where elfe ; the apex twill- 
ed fpiraliy.— When contradted, it appears to be an- 
nulated. 

6 2. The acinofa inhabits that whitifh fubllancc 
which often entirely covers plants, wood, fhells, See, 

When this fubllance is examined by a microfcope, it 
appears to be wholly compofed of living animals of the 
polype kind. See Polype. 
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63. The fdfciculala lias a rotatory organ, which may 
fometimes be feen projecting beyond the aperture ; there 
is a little head at the apex, and the pedicle is twilled 
and very flender. A congealed green mafs which is 
often found fwimming about in ditches is compofed 
of myriads of thefe animals, which ate not vilible to 
the naked eye, and when magnified appear like a 
bundle of green flowers. 

64. The hians refembles a citron ; the apex is trunca- 
ted, the bafe narrow, and a gaping cleft is obfervabie, 
defccnding from the apex to one third of the body. 

65. The bellis is of a yellow colour, and much re- 
fembles the flower of a daify ; is ciliated round the mar- 
gin of the head, and moves in a rotatory manner. 

66. The gemella has a long pedicle, constantly fur- 
niffied with two fmall beads. 

68. The pyrdria. } 

69. The anaflatica. > Seethe article Polype. 

70. The digitalis. J 

71. The polypina , when viewed through a fmall 
magnifier, they appear like fo many little trees : the 
upper part, or heads, are egg-fhaped, the top trunca- 
ted, the lower part filled with inteftines ; the branches 
thick fet with little knobs. 

72. The racemofa is only diftinguiffied from the 
vorticella focialis by always adhering to the fides of 
the veffel in which it is placed. By the microfcope, 
we difcover a long pedicle flicking to the fries of the 
vefids, from which proceed an innumerable quantityof 
cryflalline pellucid pearls; which, together with the (talk, 
are varioufiy agitated in the water. Sometimes they 
move feparately ; fometimes they are drawn down to 
the root, and in a moment expanded again. 


XVII. Brachionus : 

A contractile worm, covered with a fhell, and furniflied 
with rotatory cilia. 


1. The Jlriatus has an oblong, pellucid fhell, capable 
of altering its figure. The apex is truncated, with fix 
fmall teeth on the edge of it, twelve longitudinal 
flreaks down the back, the bafe obtufe and fmooth. 
The teeth are occafionally protruded or retraced ; 
and there are two fmall fpines or horns on the other 
fide of the fhell. The animal itfelf is of a yellow 
colour, cryflalline, and mufcular; now and then putting 
out from the apex two or three little bundles of playing 
hairs, the two lateral ones fhorter than that in the 
middle : on the under fide we may obferve a forked 
degiutatory mufcle, and two rigid points when the apex 
is drawn in. It is found in fea-water. 

2. The Jquamida has an univalve orbicular fhell, a 
truncated apex, four teeth, fmooth bafe, and no tail. 

3. The pala is of a yellow colour ; univalved, with 
an oblong excavated fhell; four long teeth at the apex ; 
a fmooth bafe. 

4. The bipalium is univalved, the fhell oblong and 
infleCted, ten teeth at the apex, the bafe fmooth, and 
a fpurious tail. 

5. The patina is extremely bright and fplendid, has 
a large body, a cryflalline and nearly circular fhell, 
without either incifion or teeth, only towards the apex 
it falls in fo as to form a fmooth notch. A double 
glittering organ, with ciliated edges, projeCts from the 
;a,pex : both of them of a conical figure, and {landing 
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as it were upon a pellucid fubflance, which is divided Microfc°pe 
into two lobes, between which and the rotatory organ v— ^ 

there is a liiver-coloured cienulated membrane. Two 
fmall claws may iikewife be difeovered near the mouth. 

6. The clypeatus is univalved, the fhell oblong, apex 
notched, the tail naked, and bafe fmooth. 

7. The Limellaris is univalved ; the fhell extending 
confiderably beyond the body ; the bafe divided into 
three fmall horns, with two hairs at the end of the tail. 

8. The patella is found in marfhy water in the win- 
ter-time. It is univalve, the fhell oval, plain, cryflal- 
line, with the anterior part terminating in two acute 
points on both fides, though the intervening fpace is 
commonly filled up with the head of the animal. By 
thefe points it fallens itfelf, and whirls about the body 
ereCt. The rotatory cilia are perceived with great 
difficulty. 

9. The brafiea is univalved, the ffiell fomewhat or- 
bicular, apex lunated, bafe fmooth, and the tail fur- 
nifhed with two fpines. 

10. Th ? pile at ills is univalved, with an. oblong ffidl 5 
the apex hairy, and bafe notched. 

11. The avails is bivalved ; the fhell flattened, apex 
notched, a hollow part at the bafe, the tail formed 
of two tufts of hair. 

1 2. The tripos is bivalved, the apex of the fhell beard- 
lefs, three horns at the bafe, and double tail. It fix- 
es itfelf to objeCts by the filaments of the tail. 

13. The dentatus is bivalved, with an arched fhell; 
the apex and bafe are both toothed, and the tail form- 
ed of two fpines. 

1 4. The mucronatus is bivalved, fomewhat of a fquare 
form ; the bafe and apex pointed ; the tail confiding 
of two fpines. 

15. The uncinatus is one of the fmallefl bivalved ani- 
malcules ; the apex and anterior part round, the hinder 
part flraight, terminating in a point, furniflied with a 
hook on the fore part, a fmall rotatory organ, a long 
tail compofed of joints, and divided at the end into 
two briflles. It can open its fhell both at the fore 
and hind part. 

16. The cirratus is larger than the preceding ; ven- 
tricofe, fomewhat tranfparent, the head conical, with 
a bundle of hairs on both fides ; and it has Iikewife a 
rotatory organ. 

17. Th c paj/us has a cylindric fhell, with two long 
pendulous locks of hair proceeding from the front, the 
tail confiding of a fingle briflle. 

18. The quadratus has a quadrangular ffiell, with 
two fmall teeth at the apex, two horns proceeding 
from the bafe, and no tail. 

19. The impreffus has a quadrangular ffiell, a fmooth 
undivided apex ; obtufe bafe ; notched margin ; and 
flexuous tail. 

20. The urceolaris . See Polype. 

21. The brachionus Bakeri has a ventricofe ffiell, four 
teeth at the apex, two horns at the bafe, and a long tail 
terminating in two ffiort points. The horns are 
frequently extended ; and the circular end of each is, 
furniffied with a tuft of little hairs, which fometimes 
move in a vibratory manner, at other times have a ro- 
tatory motion. Mr Muller has alfo difeovered in this-? 
creature two fmall feelers and a tongue. 

22. The patulus has a. ventricofe fhell, with eight. 
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Mio-ofcope teeth at the apex ; the bafe lunated, or hollowed into 
w *v— — the form of a crefcent, and furnifhed with four horns; 
he tail fhort, with two fmall points at the end. 

These are the different kinds of animalcules which 
have yet been difcovered. To what is faid of them in 
general under the article Animalcule, we fhall here 
add the following obfervations from Mr Adams. — 
“ How many kinds of thefe invifibles there may be 
(fays he), is yet unknown; as they are difcerned of 
all fizes, from thofe which are barely invifible to the 
naked eye, to fuch as refill the force of the micro- 
fcope as the fixed liars do that of the telefcope, and 
with the greatefl powers hitherto invented appear 
only as fo many moving points. The fmalleft. living- 
creatures our inftruments can (how, are thofe which 
inhabit the waters; for though animalcula equally mi- 
nute may fly in the air, or creep upon the earth, it 
is fcarce poffible to get a view of them ; but as water 
is tranfparent, by confining the creatures within it 
we can eafily obfcrve them by applying a drop of it to 
the glaffes. 

“ Animalcules in general are obferved to move 
in all directions with equal eafe and rapidity, fome- 
times obliquely, fometimes ftraight forward ; fome- 
times moving in a circular direction, or rolling 
upon one another, running backwards and forwards 
through the whole extent of the drop, as if diver- 
ting themfelves ; at other times greedily attacking 
the little parcels of matter they meet with. Notwith- 
(tanding their extreme minutenefs, they know how to 
avoid obstacles, or to prevent any interference with one 
another in their motions: fometimes they will fudden- 
ly change the direction in which they move, and take 
an oppofite one ; and, by inclining the glafs on which 
the drop of water is, as it can be made to move in 
any diredtion, fo the animalcules appear to move as 
eafily againlt the dream as with it. When the water 
begins to evaporate, they flock towards the place 
where the fluid is, and fhow a great anxiety and 
uncommon agitation of the organs with which they 
draw in the water. Thefe motions grow languid as 
the water fails, and at laft ceafe altogether, without a 
poflibility of renewal if they be left dry for a fhort 
time. They fuftain a great degree of cold as well as 
infers, and will peri (h in much the fame degree of 
heat that dedroys infeCts. Some animalcules are pro- 
duced in water at the freezing point, and fome infeCts 
live in fnow. — By mixing the lead drop of urine with 
the water in which they fwim, they indantly fall into 
convulfions and die. 

ce The fame rule feems to hold good in thofe minute 
creatures, which is obfervable in the larger animals, 
viz- that the larger kinds are lefs numerous than fuch 
as are fmaller, while the fmallefl of all are found in 
fuch multitudes, that there feem to be myriads for one 
of the others. They increafe in fize, like other animals, 
from their birth until they have attained their full 
growth ; and when deprived of proper nourifhment, 
they in like manner grow thin and peridi.” 

The modes of propagation among thefe animalcules 
are various, and the obfervation of them is extremely 
curious. Some multiply by a tranfverfe divifion, as is 
obferved under the article Animalcule ; and it is re* 
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markable, that though in general they avoid one ano- Miernfcope ■ 

ther, it is not uncommon, when one is nearly divided, ' / ~" e 

to fee another pudi itfelf upon the fmall neck which 
joins the two bodies in order to accelerate the fepara- 
tion. — Others, when about to multiply, fix themfelves 
to the bottom of the water; then becoming fuit ob- 
long, and afterwards round, turn rapidly as on a centre,, 
but perpetually varying the direction of their rotatory 
motion. In a little time, two lines forming a ctofs 
are perceived ; after which the fpherule divides into 
four, which grow, and are again divided as before., 

A third kind multiply by a longitudinal divifion, which 
in fome begins in the fore- part, in others in the 
hind-part ; and from others a fmall fragment detaches 
itfelf, which in a fhort time affumes the fhape of the 
parent animalcule. Laltly, others propagate in the 
fame manner as the more perfedt animals. 

In our obfervations under the article Animalcule* 
we fuggefled fome doubts whether all thofe minute bo- 
dies which go under the name of animalcules really 
do enjoy animal life ; or whether they are not in 
many cafes to be accounted only inanimate and ex- 
ceedingly minute points of matter actuated by the in- 
ternal motion of the fluid. This has alfo been the- 
opinion of others : but to all hypothefes of this kind 
Mr Adams makes the following reply. <(t From what 
has been faid, it clearly appears, that their motions 
are not purely mechanical, but are produced by an 
internal fpontaneous principle; and that they muft 
therefore be placed among the claf 3 of living animals, 
for they poflefs the flrongell marks and the molt de- 
cided characters of animation ; and, consequently, that 
theie is no foundation for the fuppofilion of a chaotic 
and neutral kingdom, which can only have derived its 
origin from a very tranlient and fuperficial view of 
thefe animalcules. — It may alfo be further obferved,. 
that as we fee that the motions of the limbs, &c. of 
the larger animals, are produced by the mechanical 
conftrudtion of the body, and the adtion of the foul 
thereon, and are forced by the ocular demonflration 
which arifes from anatomical diffedtion to acknowledge 
this mechanifm which is adapted to produce the vari- 
ous motions neceflary to the animal ; and as, when wc 
have recourfe to the microfcope, we find thofe piece3 
which had appeared to the naked eye as the primary 
mechanical canfes of paiticular motions, to confiit 
themfelves of leffer parts, which are the caufes of mo» 
tion, extenfion, &c. in the larger ; when the ftrudture 
therefore can be traced no farther by the eye, or by 
the glaffes ; we have no right to conclude that the parts 
which are invifible are not equally the fubjedt of me- 
chanifm : for this would be only to affert, in other 
words, that a thing may exift becaufe we fee and feel 
it, and have no exiftence when it is not the objedt of 
our fenfes. — The fame train of reafoning may be ap- 
plied to microfcopic infedts and animalcula : we fee 
them move ; but becaufe the mufcles and members 
which cccafion thefe moti'ons are invifible, fhall we in- 
fer that they have not mufcles, with organs appropri- 
ated to the motion of the whole and its parts ? To fay 
that they exiit not becaufe we cannot perceive them, 
would not be a rational conclufion. Our fenfe3 are 
indeed given us that we may comprehend fome effedts^ . 
but then we have alfo a mind, with reafon, bellowed ' 
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Mk^ofcope upon us, that, from the tilings which we do perceive 
Sj ^~" v nT "" with our fenfes, w$ may deduce the nature of thofe 
caufes and effedls which are imperceptible to the cor- 
poreal eye.” 

Leaving thefe fpeculations however, we ifhall now 
proceed to give a particular 

Explanation of the figures of the •various animals , with 
their parts > ova, iff c. reprefented in the plates, 

Plate Fig. 3 2, 33 * re prefent the eggs of the phalaena 
CCCII* neuftria, as they are taken from the tree to which 
they adhere, and magnified by the microfcope. The 
flrong ground-work viiible in many places fhows 
the gum by which they are fattened together ; 
and this' connection is ttrengthened by a very te- 
nacious fubttance interpofed between the eggs, and 
filling up the vacant fpaces. Fig. 34. fhows a vertical 
fe£lion of the eggs, exhibiting their oval fhape. — - 
Fig. 35.1s an horizontal fe&ion through the middle of 
the egg. Thefe eggs make a beautiful appearance 
through the microfcope. The fmall figures a , 1 , c > re- 
prefent the obje&s in their natural ttate, without being 
magnified. 

Fig. 36. fhows the larva of the mufea cham<zleon 9 an 
aquatic infeit. When viewed by the naked eye, it appears 
(as here reprefented) to be compofed of twelve annular 
divifions, feparating it into an head, thorax, and abdo- 
men ; but it is not eafy to diftinguifh the two laft parts 
from each other, as the inteftines lie equally both in the 
thorax and abdomen. The tail is furnifhed with a fine 
crown or circle of hair h , difpofed in the form of a 
ring, and by this means it is fupported on the furface 
of the water, the head and body hanging down to- 
wards the bottom, in which pofture it will fometimes 
remain for a confiderable time without any motion. — 
When it has a mind to fmk to the bottom, it clofes 
the hairs of the ring, as in fig. 37. Thus an hollow 
fpace is formed, including a fmall bubble of air ; by 
enlarging or diminifhing which, it can rife or fink in 
the water at pleafure. When the bubble efcapes, the 
infeft can replace it from the pulmonary tubes, and 
fometimes confiderable quantities of air may be feen 
to efcape from the tail of the worm into the common 
atmofphere ; which operation may eafily be obferved 
when the worm is placed in a glafs of water, ,and af- 
fords an entertaining fpe&acle. The fnout of this in- 
feCtt is divided into three parts, of which that in the 
middle is immoveable ; the other two, which grow 
from the Tides of the middle one, are moveable, and 
vibrate like the tongues of lizards or ferpents. In 
thefe lateral parts lies mott of the creature’s ftrength; 
for it walks upon them when out of the water, ap- 
pearing to walk on its mouth, and to ufe it as the par* 
rot does its beak to aflitt it in climbing. 

The larva is fhov/n fig. 38. as it appears through a 
microfcope. It grows narrower towards the head, is 
largett about that part which we may call the thorax, 
converges all along the abdomen, and terminates at 
length in a fiiarp tail furrounded with hairs, as has al- 
ready been mentioned. The twelve annular divifions 
are now extremely viiible, and are marked by numbers 
in the plate. The fkin appears fomewhat hard, and 
refembling fhagreen, being thick fet with grains pret- 
ty equally dittributed. It has nine holes, or fpiracula, 
probably for the purpofe of breathing, on each fide ; 


but it has none of thefe on the tail divitton a , not any Microfcope 
eatily viiible on the third from the head. In the lat- 
ter, indeed, it has fome very fmall holes concealed un- 
der the fkin, near the place where the embryo wings 
of the future fly are hid. “ It is remarkable (fays Mr 
Adams) that caterpillars, in general, have two rings 
without thefe fpiracula, perhaps becaufe they change 
into flies with four wings, whereas this worm produces 
a fly with only two.” The fkin of the larva is adorn- 
ed with oblong black furrows, fpots of a light colour, 
and orbicular rings, from which there generally fprings 
a hair; but only thofe hairs which grow on the mfedt’a 
fides are reprefented in the figure. There are alfo 
fome larger hairs here and there, as at c c. The dif- 
ference of colour, however, in this worm arifes only 
from the quantity of grains in the fame fpace; for 
where they are in very great numbers, the furrows are 
darker, and paler where they are lefs plentiful. 

The head d is divided into three parts, and covered 
with a fkin which has hardly any difcernible grains. — * 

The eyes are rather protuberant, and lie near the 
fnout ; on which latt are two fmall horns at i i . It is 
crooked, and ends in a fliarp point as at /. The legs 
are placed near the fnout between the fmufes in 
which the eyes are fixed. Each of thefe legs confifts 
of three joints, the outermofl of which is covered 
with fliff hairs like brittles^. From the next joint there 
fprings a horny bone hh 9 ufed by the infeCl as a kind 
of thumb : the joint is alfo compofed of a black fub- 
fiance of an intermediate hardnefs between bone and 
horn ; and the third joint is of the fame nature. In 
order to diftinguifh thefe parts, thofe that form the 
upper Tides of the mouth and eyes mutt be feparated 
by means of a fmall knife ; after which, by the afii fi- 
ance of the microfcope, we may perceive that the leg 
is articulated by fome particular ligaments, with the 
portion of the infe&’s mouth which anfwers to the 
lower jaw in the human frame. We may then alfo dif- 
cern the mufcles which ferve to move the legs, and 
draw them up into a cavity that lies between the fnout 
and thofe parts of the mouth which are near the 
horns//. The infedl walks upon thefe legs, not 
only in the water, but on the land alfo. It likewife 
makes ufe of them in fwimming, keeping its tail oh 
the furface contiguous to the air, and hanging down- 
ward with the reft of the body in the water. In this 
fituation, the only perceptible motion it has is in its 
legs, which it moves in a mott elegant manner, from 
whence it is reafonable to conclude, that the mott of 
this creature’s ftrength lies in its legs, as we have al- 
ready obferved. 

The fnout of this larva is black and hard ; the back 
part quite folid, and fomewhat of a globular form ; the 
front f fliarp and hollow. Three membranaceous di- 
vifions may be perceived on the back part; by means 
of which, and the mufcles contained in the fnout, the 
creature can contrail or expand it at pleafure. 

The extremity of the tail is furrounded with thirty 
hairs, and the Tides adorned with others that are fmall* 

-er ; and here and there the large hairs branch out into 
fmaller ones, which may be reckoned Angle hairs. All 
thefe have their roots in the outer fkin, which in this 
place is covered with rough grains, as may be obfer- 
ved by cutting it off and holding it againft the light 
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Jdlcrofcep* upon a flip of glafs. Thus alfo we find, that at the 
extremities of the hairs there are grains like thofe on 
the lkin ; and in the middle of the tail there is a fmail 
opening, witlvn which are minute holes, by which the 
infect takes in and lets out the air it breathes. Thefe 
hairs, however, are feldom difpofed in fuch a regular 
order as is reprefented in fig. 38. unlefs when the infect 
floats w.th the body in the water, and the tail with its 
hairs a little lower than the furface, in which cafe they 
are difpofed exactly in the order delineated in the plate. 
The leafi motion of the tail downward produces a 
concavity in the water ; and it then affumes the figure 
of a wine-glafs, wide at the top and narrow at the bot- 
tom. The tail anfwers the double purpofe of fwim- 
mingand breathing, and through it the infeft receives 
what is the principle of life and motion to all animals. 
By means of thefe hairs alfo it can Hop its motion 
when fwimming, and remain fufpended quietly with- 
out motion for any length of time. Its motions in 
fwimming are very beautiful, efpecially when it ad- 
vances with its whole body floating on the furface of 
the water after filling itfelf with air by the tail. — 
To fet out, it firit bends the body to the right or 
left, and then contracts it in the form of the letter S, 
and again ftretches it out in a ftraight line : by thus 
contracting and then extending the body alternately, 
it moves on the furface of the water. It is very quiet, 
and is not difiurbed by handiing. 

Thefe creatures are commonly found in fh allow 
Handing waters in the beginning of June ; but fome 
years much more plentifully than others. They crawl 
on the grafs and other plants which grow in fuch wa- 
ters, and are often met with in ditches floating on the 
furface of the water by means of their tail, the head 
and thorax at the fame time hanging down ; and in 
this poAure they turn over the clay and dirt with their 
fnout and feet in fearch of food, which is commonly 
a vifcous matter met with in fmail ponds and ditches. 
It is very harmlefs, though its appearance would feem 
to indicate the contrary. It is mo A eafily killed for 
diiTe&ion by fpirit of turpentine. 

Fig. 39. Ihows in its natural fize a beautiful infeCI, 
defcribed by Linnaeus under the name of Leucopfis dor- 
figera, and which appears to be a kind of intermedi- 
ate genus between a l'phex and a wafp. The antennse 
are black and cylindrical, increafing in thicknefs to- 
wards the extremity ; the joint neareA the head is 
Yellow ; the head and thorax are black, encompaflcd 
with a yellow line, and furnifhed with a crofsline of the 
fame colour near the head. The fcutdlum is yellow, 
the abdomen black, with two yellow bands, and a 
deep fpot of the fame colour on each fide between the 
bands. A deep polifhed groove extends down the 
back from the thorax to the anus, into which the 
fling turns and is depofited, leaving the anus very cir- 
cular ; a yellow line runs on each fide of the fling. — 
The anus and whole body, when viewed with a fmail 
magnifier, appear punctuated ; but when thefe points 
are feen through a large magnifier, they appear hexa- 
gonal. Fig. 40. (hows the infed very much magni- 
fied. Fig. 41. gives a fide view of it magnified in a 
imaller degree. 

Fig. 42. fhows an infecl lately difcovered by Mr 
John Adams of Edmonton, as he happened to he at 


an inn. It was fir A feen by fome labouring people Microicop* 
who were there at the time, by whom it was conjee- ~~ —y~~*** 
tured to be a loufe with unufually long horns, a mite, 

&c. Mr Adams hearing the debate, procured the 
infe& ; and having viewed it through a microfcope, it 
prefented the appearance exhibited in fig. 42. The 
infect feems to be quite diAinct from the phalangium 
cancroides of Linns; us. The latter has been defcribed 
by feveral authors, but none of their deferiptions agree 
with this. The abdomen of this infe& is more ex- 
tended, the claws larger, and much more obtufe ; the 
body of th^ other being nearly orbicular, tile claws 
flender, ana- almoA terminating in a point, more tranf- 
parent, and of a paler colour. Mr Marfham has one 
in his poffeffion not to be diAinguiffied from that re- 
prefented in rig. 42, excepting only that it wants the 
break or dent in the claws, which is fo confpicuous 
in this. Pie found that infedt firmly fixed by its claws 
to the thigh of a large fly, which he caught on a 
flower in Efifex in the firA week of AuguA, and from 
which he could not difengage it without great difficul- 
ty, and tearing off the leg of the fly. This was done 
upon a piece of writing paper ; and he was furprifed 
to fee the little creature fpring forward a quarter of 
an inch, and again feize the thigh with its claws, fo 
that he had great difficulty in difengaging it. The na- 
tural fize of this creature, which Mr Adams calls the 
lobjler-infeft \ is exhibited at a. 

Fig. 43. fliows the infedl named by M. de Geer 
Phyfapusy on account of the bladders at its feet* 

(Thrips phyfapusy Lin. A This infed't is to be found in 
great plenty upon the flowers of dandelion, &c. m 
the fpring and fummer. It has four wings, two up- 
per and two under ones (reprefented fig. 44.) 'but 
the two undermoft are not to be perceived without 
great difficulty. They are very long; and fixed^o the 
upper part of the breaA, lying horizontally. Both of 
them are rather pointed towards the edges, and have 
a Arong nerve running round them, which is fet with 
a hair fringe tufted at the extremity. The colour of 
thefe wings is whitilh : the body of the infedt is black $. 
the head fmail, with two large reticular eyes. The an- 
tennae are of an equal fize throughout, and divided in- 
to fix oval pieces, which are articulated together. — 

The extremities of the feet are furnifhed with a mem- 
branaceous and flexible bladder, which it can throw 
out or draw in at pleafure. It preffes this bladder 
againfi the fubfiances on which it v. r alks, and thus 
feems to fix itfelf to them ; the bladder fometimes 
appears concave towards the bottom, the concavity 
diminifhing as it is lefs pieffed. The infedl is repre- 
fented of its natural fize at b . 

Fig. 45. reprefents the Cimex Jlriatus of Linnaeus, 
remarkable for very bright and elegantly difpofed 
colours, though few in number. The head, pro- 
bolcis, and thorax, are black : the thorax orna- 
mented with yellow fpots ; the middle one large* 
and occupying almoA one-third of the poAerior part 5 
the other two are on each fide, and triangular. 

The fcutellum has two yellow oblong fpots, pointed 
at each end. The ground of the elytra is a bright 
yellow, fpotted and itriped with black. The nerves 
are yellow ; and there is a brilliant triangular fpot of 
orange, which unites the cruAaceous and membrana^ 
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’JVfacrofcope ceous parts ; the latter are brown, and clouded. It is 
.w— y— found on the 'elm-tree in June. It is reprefented of its 
natural fize at c . 

Fig. 46. fhows the Chryfomela afparagi of Linnaeus, 
fo called from the larva of the infedd feeding upon that 
plant. It is a common infe&, and very beautiful. It 
is of an oblong figure, with black antennas, compofed 
of many joints, nearly oval. The head is a deep and 
bright blue; the thorax red and cylindrical: the elytra 
are blue, with a yellow margin, and having three fpots of 
thefame colour on each ; one at the bafe, of an oblong 
Form, and two united with the margin : the legs are 
black; but the under fide of the belly is of the fame 
blue colour with the elytra and head. This little ani- 
mal, when viewed by the naked eye, fcarcely appears 
to deferve any notice ; but when examined by the mi- 
crofcope, is one of the mod plealing opaque ob- 
jects we have. It is found in June on the aipa- 
ragus after it has run to feed ; and it is fhown of its 
natural fize at cl. De Geer fays that it is very fcarce 
in Sweden. 

Fig. 47. fhows an infe£l of a fhape fo remarkable, 
that naturalills have been at a lofs to determine the 
genus to which it belongs. In the Fauna Suecica, 
Linnaeus makes it an attelcihui : but in the lad edi- 
tion of the Syftema Naturae, it is ranged as a me- 
loe, under the title of the Meloe monoceros ; though of 
this alfo there feems to be fome doubt. The true figure 
of it can only be difeovered by a very good microfcope. 
The head is black, and appears to be hid or buried 
under the thorax, which projedls forward like a horn: 
the antennae are compofed of many joints, and are of 
a dirty yellow colour, as well as the feet : the hinder 
pan of the thorax is reddifh, the fore-part black.— 
The elytra are yellow, with a black longitudinal line 
down the future ; there is a band of the fame colour 
near the apex, and alfo a black point near the bafe, the 
whole animal being curioufly covered with hair. The 
natural fize of it is fhown at e. It was found in May. 
Geoffroy fays that it lives upon umbelliferous plants. 

Fig. 48 — 53. exhibit the anatomy of the coffus ca- 
terpillar, which lives on the willow. The egg from 
•which it proceeds is attached to the trunk of the 
tree by a kind of vifeous juice, which foon becomes 
fo hard that the rain cannot diflblve it. The egg itfelf 
•is very fmall and fpheroidal, and, when examined by 
the microfcope, appears to have broad waving furrows 
running through the whole length of it, which are 
again croffed by clofe ftreaks, giving it the appearance 
of a wicker bafket. It is not exadlly known what 
-time they are hatched ; but as the fmall caterpillars 
appear in September, it is probable that the eggs are 
hatched fome time in Augud. When fmall, they are 
generally met with under the bark of the tree to which 
the eggs were affixed ; and an aqueous moidure, oozing 
from the hole through which they got under the bark, 
is frequently, though not always, a direction for find- 
ing them. Thefe caterpillars change their colour but 
very little, being nearly the fame when young as when 
old- Like many others, they are capable of fpinning 
as foon as they come from the egg. They alfo change 
their fkin feveral times ; but as it is aimed impoffible 
to rear them under a glafs, fo it is very difficult to 
know exactly how often this moulting takes place. — 
jM r Adams conjectures that it is more frequently than 
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the generality of caterpillars do, fome having been MLrofirop* 
obferved to change more than nine times. 

The collus generally fads for fome days previous to 
the moulting ; during which time the flefhy and other 
interior parts of the head are detached from the old 
fkull, and retire as it were within the neck. The new 
coverings foon grow on, but are at fird very foft. — « 

When the new Hein and the other parts are formed, 
the old fkin is to be opened, and all the members with- 
drawn from it ; an operation naturally difficult, but 
which mull be rendered more fo from the foft and weak 
date of the creature at that time. It is always much 
larger after each change. 

From Mr Lyonet’s experiments, it appears, that the 
coffus generally palfes at lead two winters, if not three, 
before it alfumes the pupa date. At the approach of 
winter, it forms a little cafe, the in fide of which is 
lined with filk, and the outfide covered with wood 
ground like very fiqe faw-dud. During the whole 
feafon it neither moves nor eats. 

This caterpillar, at its fird appearance, is not above 
one-twelfth of an inch long; but at lad attains the 
length of two, and fometimes of three inches. In the 
month of May it prepares for the pupa date ; the fird 
care being to find a hole in the tree fufficient to allow 
the moth to iffue forth ; and if this cannot be found* 
it makes one equal in fize to the future pupa. It then 
begins to form of wood a cafe or cone; uniting the 
bits, which are very thin, together by filk, into the 
form of an ellipfoid, the outfide being formed of fmall 
bits of wood joined together in all directions ; taking 
care, however, that the pointed end of the cafe may 
always be oppofite to the mouth of the hole : having 
linidied the outfide of the cafe, it lines the infide with 
a filken tapedry of a clofe texture in all its parts, ex- 
cept the pointed end, where the texture is loofer, in 
order to facilitate its efcape at the proper time. The 
caterpillar then places itfelf in fuch a podure, that the 
head may always lie towards the opening of the hole 
in the tree or pointed end of its cafe. Thus it re- 
mains at red for fome time : the colour of the ikin fird 
becomes pale, and afterwards brown ; the interior 
parts of the head are detached from the fkull ; the 
legs withdraw themfelves from the exterior cafe ; the 
body fhortens ; the poderior part grows fmall, while 
the anterior part fvvells fo much, that the fkin at lad 
burds ; and, by a variety of motions, is pufhed down 
to the tail; and thus the pupa is exhibited, in which 
the parts of the future moth may be ealily traced. — 

The covering of the pupa, though at fird foft, 
humid, and white, 'foon dries and hardens, and be- 
comes of a dark purple colour : the poderior part 
is moveable ; but not the fore-part, which contains 
the rudiments of the head, legs, and wings. The 
fore-part of the pupa is furnilhed with two horns, 
one above and the other under the eyes. It has alfo 
feveral rows of points on its back. It remains for 
fome weeks in the cafe ; after which the moth begins 
to agitate itfelf, and the points are then of effential 
fervice, by adling as a fulcrum, upon which it may red 
in its endeavours to proceed forward, and not flip 
back by its efforts for that purpofe. 

The moth generally continues its endeavours to open 
the cafe for a quarter of an hour; after which, by re- 
doubled efforts, it enlarges the hole, and preffes for- 
ward 
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tvllcrofcope ward until it arrives at the edge, where it makes a full 
‘-"“"v— * flop, le ft by advancing further it fhould fall to the 
ground. After having in this manner repofed itfelf 
for fome time, it begins to difengage itfelf entirely ; 
and having relied for fome hours with its head upwards, 
it becomes lit for adtion. Mr Marlham fays, that it 
generally pufhes ohe third of the cafe out of the hole 
before it halts. 

The body of the caterpillar is divided into twelve 
wrings, marked i, 2, 3, See. as reprefented in fig. 48. 
49. 5c. each of which is diltiuguifhed from that 
which precedes, and that which follows, by a kind of 
neck or hollow ; and, by forming boundaries to the 
rings, we make twelve other divisions, hkewife ex- 
preffed in the figures ; but to the fir 11 of thefe the 
word ring is affixed, and to the fecond, divifion . To 
facilitate the defeription of this animal, M. Lyonet 
fuppofed a line to pafs down through the middle of 
the back, which he called the fuperior line, becaufe it 
marked the moil elevated part of the back of the ca- 
terpillar ; and another, palling from the head down 
the belly to the tail, lie called the inferior lin,e. 

All caterpillars have a fmall organ, refembling an 
elliptic fpot, on the right and left of each ring, ex- 
cepting the fecond, third, and lall ; and by thefe we 
are furnifhed with a further fubdivilion of this caterpil- 
lar, viz. by lines palling through the fpiracula, the one 
on the right fide, the other on the left of the caterpil- 
lar. Thefe four lines, which divide the caterpillar 
longitudinally into four equal parts, mark each the 
place under the fkin which is occupied by a confider- 
able vifeus. Under the fuperior line lies the heart, or 
rather thread of hearts ; over the inferior line, the fpi- 
nal marrow ; and the two tracheal arteries follow the 
courfe of the lateral lines. At equal diflances from 
the fuperior and two lateral lines, we may fuppofe 
four intermediate lines. The two between the fupe- 
rior and lateral lines are called the intermediate fupe- 
rior ; the two others oppolite to them, and between 
the lateral and inferior lines, are called the intermediate 
inferior. 

Fig. 48. 49. fhow the mufcles of the caterpillar, ar- 
ranged with the moll wonderful fymmetry and order, 
efpecially when taken off by equal llrata on both fides, 
which exhibits an aftonifhing and exadl form and cor- 
respondence in them. The figures fhow the mufcles 
of two different caterpillars opened at the belly, and 
fuppofed to be joined together at the fuperior line6. 
The mufcles of the back are marked by capitals ; the 
gaflric mufcles by Roman letters ; the lateral ones by 
Greek chara&ers. Thofe marked 0 are called, by M. 
Lyonet, dividing mufcles, on account of their litua- 
tion. 

The caterpillar was prepared for difie&ion by being 
emptied, and the mufcles, nerves, &c. freed from the 
fat in the manner formerly directed : after which the 
following obfervations were made. 

The mufcle A in the firll ring is double ; the ante- 
rior one being thick at top, and being apparently di- 
vided into different mufcles on the upper fide, but 
without any appearance of this kind on the under 
fide. One infertion is at the fkin of the neck towards 
the head ; the other is a little above ; and that of the 
fecond mufcle jA is a little below the firfl fpiraculum, 
near which they are fixed to the fkin. 
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The mufcle marked a is long and flender, fixed byMxrofcype 
its anterior extremity under the gaflric mufcles a and — — 
b of the firfl ring, to the circumflex fcale of the bafe 
of the lower lip. It communicates with the mufcle 
c of the fecond ring, after having paffed under fome 
of the arteries, and introduced itfelf below the 
mufcle a. 

The mufcle £ is fo tender, that it is fcarce poffiblc 
to open the belly of the caterpillar without breaking 
it. It is fometimes double, and fometimes triple. — 
Anteriorly it is fixed to the poilerior edge of the 
fide of the parietal fcale, the lower fixture being at the 
middle of the ring near the inferior line. 

There are three mufcles marked £ ; the firfl affixed 
at one extremity near the lower edge of the upper 
part of the parietal fcale ; the other end divides itfelf 
into three or four tails, fixed to the fkin of the ca- 
terpillar under the mufcle <r. The anterior part of 
the fecond is fixed near the firfl ; the anterior part 
of the third a little under the firfl and fecond, at the 
fkin of the neck under the mufcle A. Thefe two lafl 
paffing over the cavity of the firfl pair of limbs, are 
fixed by ieveral tails to the edge oppofite to this ca. 
vity. In this fubjedt there are two mufcles marked 
<f, but fometimes there is only one anteriorly ; they 
are fixed to the lower edge of the parietal fcale, the 
other ends being inferred in the firfl fold of the (kin 
of the neck on the belly-lide. Fig. 50. bell repre- 
fents the mufcles p, and ; as in that figure they 
do not appear injured by any unnatural conne&ion. 

I11 the fecond and four following rings we dif» 
cern two large dorfal mufcles A and B. In the 7th, 

9th, and icth rings are three, A, B, and C ; in 
the nth are four, A, B, C, and D ; and in the an r 
terior part of the 12th ring are five, A, B, C, D, 
and E. All thefe ranges of mufcles, however, as 
well as the gaflric mufcles a , b , c , 1 ) , appear at firfl 
fight only as a fingle mufcle, running nearly the whole 
length of the caterpillar ; but when this is detached 
from the animal, it is found to confifl of fo many di- 
ilinft mufcles, each confiding only of the length of 
one of the rings, their extremities being fixed to the 
divifion of each ring, excepting the middle mufcle a, 
which, at the 6th, 7th, 8th, and 9th rings, has its 
infertions rather beyond the divifion. Each row of 
mufcles appears as one, becaufe they are clofely con- 
nected at top by fome of the fibres which pafs from 
one ring to the other. 

The mufcles A, which are 12 in number, gradu- 
ally diminifh in breadth to the lower part of the lafl 
ring : at the 8th and three following divifions they 
communicate with the mufcles B, and at the 11th 
with D. In the lower part of the lafl ring, A i$ 
much broader than it was in the preceding ring ; one 
extremity of it is contracted, and communicates with 
B ; the lower infertion being at the membrane I, 
which is the exterior fkin of the fecal bag. The 
mufcles A and B, on the lower part of the lafl ring, 
cannot be feen until a large mufcle is removed, which 
on one fide is fixed to the fubdivifion of the ring and 
on the other to the fecal bag. 

The right mufcles B, which are alfo 12 in num- 
ber, begin at the fecond ring, and grow larger from 
thence to the fe.venth. hey are ufuajly narrower 
from thence to the 12th ; the deficiency in width be- 
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Microfcopelng fupplied by the fix mufcles C, which accompany 
it from the 7th to the fubdivifion of the 12th ring. 
The mufcles B and C communicate laterally with 
the 8th, nth, and 12th divifions. C is wanting at 
the fubdivifion of the 1 2th ; its place being here 
fupplied by B, which becomes broader at this. part. 

The hr ft of the three floating mufcles V originates 
at the fird ring, from whence it introduces itfelf un- 
der N, where it is fixed, and then fubdivides, and 
hides itfelf under other parts. The fecond begins at 
the fecond divifion, being fixed to the anterior extre- 
mity B of the fecond ring ; from thence dire&jng it- 
felf towards the ftomach ; and, after communicating 
with the cafe of the corpus crajfum , it divides, and 
fpreads into eight mufcles which run along the belly. 
The third begins at the third divifion, originating 
partly at the fkin, and partly at the junction of the 
mufcles B of the fecond and third ring. It dire&$ 
itfelf obliquely towards the belly, meeting it near the 
third fpiraculum ; and branching from thence, it 
forms the oblique mufcles of fome of the vifcera. 

The thin, long, mufcle 6, which is at the fubdivi- 
fion of the lad ring, and covers the anterior infertion 
of the mufcle (a) where the ring terminates, is fingle. 
It begins at one extremity of the mufcle (r) ; at the 
fore-part of the ring runs along the. fubdivifion 
round the belly of the caterpillar, and finiflies, on the 
other fide* at the extremity of a fimilar mufcle C. 

Tig. 49. (hows the dorfal mufcles of the coffus. 
To view which in an advantageous manner, we mud 
ufe the following mode of preparation. 

1. All the dorfal mufcles, 35 in number, mud be 
taken out, as well as the feven lateral ones already 
defcribed. 

2. All the draight mufcles of the belly mud be taken 
away, as well as the mufcular roots (r), and the ends 
of the gadric mufcles (c), which are at the third and 
fourth divifions. 

3. At the fecond divifion the mufcle 9 mud be re- 
moved ; only the extremities being left to fhow where 
it was inferted. 

The parts being thus prepared, we begin at the 
third ring ; where there are found four dorfal mufcles 
C, D, E, and F. The fird one C, is inferted at 
the third divifion, under the mufcles 9 and *, where 
it communicates by means of fome fibres with the 
mufcle /of the fecond ring; proceeding from thence 
obliquely towards the intermediate fuperior line, and 
in fixed at the fourth divifion. As foon as C is re- 
trenched, the mufcle D is feen ; which grows wider 
from the anterior extremity : it lies in a contrary di- 
rection to the mufcle C, and is inferted into the third 
and fourth divifions. The mufcle E lies in the fame 
direction as the mufcle C, but not fo obliquely : the 
lower infertion is at the fourth divifion ; the other at 
the third, immediately under C. The mufcle B is 
nearly parallel to D which joins it ; the fird infertion 
is-vifible,* but the other is hid under the mufcles E an d 
G at the fourth divifion. 

In .the eight following rings, there are only two 
dorfal mufcles ; and of thefe D is the only one that 
is completely feen. It is very' large, and diminifhes 
gradually in breadth from one ring to the other, till 
At comes to the lad, fending off branches in fome 


places. — E is one of the drait mufcles of the back ; Microfcope 
and is inferted under the dividing mufcles 9, at the di- ~ 

vifions of its own ring. 

On the anterior part of the 12th ring there are 
three dorfal mufcles, D, E, and F. D is fimilar to 
that of the preceding ring, marked alfo D, only that 
it is no more than half the length ; terminating at 
the fubdivifion of its own ring. E is of the fame 
length, and differs from the mufcle E of the preced- 
ing ring only in its direction. F is parallel to E, 
and fhorter than it its anterior end does not reach 
the twelfth divifion. 

On the poderior part there is only one dorfal 
mufcle, fadened by fome diort ones to the fubdivi- 
fion of the lad ring, traverfing the mufcles * ; and be- 
ing fixed there as if defigned to drengthen them, and 
to vary their direction . — x is a fingle mufcle, of which 
the anterior infertion is vifible, the other end being 
fixed to the bottom of the foot of the lad leg ; its 
ufe is to move the foot. The anterior part of the 
mufcle ft branches into three or four heads, which 
crofs the fuperior line obliquely, and are fixed to the 
fkin a little above it. The other end is fadened to 
the membrane T. 

Fig. 50. and 51. diow the mufcles of the caterpil- 
lar when it is opened at the back. The preparation 
for this view is to difengage the fat and other extra- 
neous matter, as before direCted. 

The fird ring has only two gadric mufcles (c) and 
(d) : the former is broad, and has three or four little 
tails : the fird fixture is at the bafe of the lower lip, 
from whence it defeends obliquely, and is fixed be- 
tween the inferior and lateral line. The fmall mufcle 
(//) is fadened on one fide to the fird fpiraculum ; on 
the other, a little lower, to the intermediate inferior 
and lateral line ; and feems to be an antagonid to 
the mufcle P, which opens the fpiracula. The po- 
derior fixture of $ is under the mufcle C, near the 
{kin of the neck : # is fixed a little on the other fide 
of C, at the middle of the ring. 

In the fecond ring there are three gadric mufcles, . 
g, h } and i : g and h are fixed at the folds which ter- 
minate the ring ; but only the anterior part of 1 is 
fixed there. The mufcle h is triple, and in one of the. 
divifions feparated into two parts; that marked i 
comes nearer the inferior line, and is fixed a little be-r 
yond the middle of the ring, where the correfpond-* 
ing mufcle of the oppofite fide is forked to receive it. 

In the third ring, the mufcle which was triple 
in the foregoing ring, is only double here, that part 
which is nearefi the inferior line being broaded : it • 
has three tails, of which only two are vifible in the * 
figure. It is exa&ly fimilar to that of the preceding 
ring ; and is eroded in the fame manner by the mufcle 
from the oppofite fide of the ring. 

Throughout the eight following rings, the mufcle 
/ which runs through them all is very broad and 
ftrong- The anterior part of it is fixed at the inter- 
mediate inferior line, on the fold of the fird divifion 
of the ring : the other part is fixed beyond the lower ■ 
divifion ; with this difference, that at the 10th and 
11th rings it is fixed at the lad fold of its ring ; 
whereas, in the others it paffes over that ring, and is 
inferted into the fkin qf the following one. In all 

thefe* 
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Mkrofcope thefe, the firft extremity of the mufcle g is fattened 
— v— - to the fold which feparates the ring from the pre- 
ceding one, and is parallel to/, and placed at the 
fide of it. The fix firft mufcles marked g 9 are fork- 
ed ; that of the fourth ring being more fo than the 
reft, nor does it unite till near its anterior infertion. 
The longed tail lays hold of the following, and is 
inferted near the inferior line ; the other inferts itfelf 
near the fame line, at about the middle of its own 
ring. The two laft do not branch out ; but termi- 
nate at the divifions, without reaching the follow- 
ing ring. The mufcle h, placed at the fide of /, has 
nearly the fame dire&ion, and finifhes at the folds of 
the ring. 

The anterior part of the 12th ring has only one 
gaftric mufcle, marked e : it is placed on the inter- 
mediate inferior line ; and is inferted at the folds of 
the upper divifion, and at the fubdivilion of this 
ring. The lower part has a larger mufcle marked 
c 9 with feveral divifions; one placed under b 9 with 
one extremity fixed near the lateral line, at the 
. fubdivilion of its ring ; the other to the fecal bag, 
a little lower than the mufcle b» 

In fig. 51. all the gaftric mufcles defcribed in fig. 
50. difappear, as well as thofe lateral and dorfal 
ones of which the letters are not to be found in 
this figure. 

In the firft ring are the gaftric mufcles, e 9 /, g 9 
which are beft feen here : the firft is narrow and long, 
palfing under and crofting/.* one of its infertions is 
at the lower line, the other at the lateral, between 
the fpiraculum and neck : / is lliort, broad, and near- 
ly ilraight, placed along the intermediate line ; but be- 
tween it and the lateral it pafies under e 9 and is fixed 
to the fold of the Ikin which goes from the one bag 
to the other ; the lower infertion is near the fecond 
divifion. There are fometime3 three mufcles of thofe 
marked g, and fometimes four : the lower parts of 
them are fixed about the middle of the ring, and the 
anterior parts at the fold of the Ikin near the neck. 
The mufcles i and h are fixed to the fame fold ; the 
other end of h being fixed under the mufcle n , near 
the fpiraculum. Above the upper end of /, a muf- 
cular body, g y may be feen. It is formed by the re- 
paration of two floating mufcles. 

The fecond ring has fix gaftric mufcles, h 9 /, m 9 n 9 
o 9 p. The firft is a large oblique mufcle, with three 
or four divifions placed at the anterior part of the 
ring : the head is fixed between the inferior line and 
its intermediate one, at the fold of the fecond divi- 
fion ; from whence it crofles the inferior line and its 

i correfponding mufcle, terminating to the right and 
left of the line. I is a narrow mufcle, whofe head is 
fixed to the fold of the fecond divifion ; the tail of it 

I lying under n 9 and fattened to the edge of the Ikin 

that forms the cavity for the leg. The two mufcles 
marked m have the fame obliquity, and are placed the 
one on the other : the head is inferted in the Ikin un- 
der the mufcle and communicates by a number of 
fibres with the tail of the mufcle y ; the other end is 
fixed to the intermediate inferior line at the fold of 
the third divifion. The large and broad mufcle n 9 
covers the lower edge of the cavity of the limb, and 
the extremity of the tail of /. It is fixed firft at the 
fkin, near the intermediate line, from whence it goes 


in a perpendicular direction towards rn % and introduces Micro fc«pf 
itfelf under 0 and ni 9 where it is fixed. The mufcle 0 
is narrow and bent, and covers the edge of the cavity 
of the leg for a little way; one end terminating there, 
and the other finiftiing at the third divifion near m. 

That marked p is alfo bent : it runs near the anterior 
edge of the cavity of the leg ; one end meets the head 
of 0 , the other end terminates at a raifed fold near the 
inferior line. There is a triangular mufcle on the fide 
of the lateral mufcle o 9 fimilar to that marked g in the, 
following ring : in this figure it is entirely concealed 
by the mufcle m. v ] 

The third ring has no mufcle fimilar to m ; thaf 
marked k differs only from that of the fecond ring 
in being crofted by the oppofite mufcle. Thofe mark- 
ed /, n, o 9 p 9 are fimilar to thofe of the preceding one^ 

The mufcle q is triangular ; the bafe is fattened to the 
laft fold of the ring ; on the lower fide it is fixed to 
the mufcle 0, the top to the ikin at the edge of the 
cavity for the leg. 

The eight following rings have the gaftric mufcles, 
i y h 9 /, and m . The mufcle i is quite ftraight, and 
placed at fome diftance from the inferior line : it is 
broad at the fourth ring, but diminifties gradually in 
breadth to the 11th. In the fourth it is united; but 
divides into two heads, which divaricate in the fol- 
lowing rings. In the fix next rings thefe heads are fixed 
nearly at the fame place with a and /; and in 
the other two it terminates at the fold of the ring. 

The anterior infertion of the firft and laft is at the 
fold where the ring begins : that of the fix others is 
fomewhat lower under the place where the mufcle i 
terminates. The lower part of the oblique mufcle k 
is inferted in the ikin near 1; the upper part at the in- 
termediate inferior mufcle upon the fold which feparates 
the following ring, but is wanting in the 1 ith. The 
mufcle / is large, and co-operates with M : in the 
opening and (hutting the fpiraculum, one of its fix- 
tures is near the intermediate inferior line, at about 
the fame height as /. The tail terminates a little be- 
low the fpiraculum. 

The twelfth ring has only the fingle gaftric mufcle 
d 9 which is a bundle of fix, feven, or eight mufcles : 
the firft fixture of thefe is at the fubdivifion of the 
ring near the inferior line : one or two crofs this, and 
at the fame time the fimilar mufcles of the oppofite 
fide. Their fixture is at the bottom of the foot ; and 
their office is to afiift the mufcle a in bringing back 
the foot, and to loofen the claw from what it lays 
hold of. One of the infertions of this mufcle a is 
obferved in this figure near d 9 the other near the fub- 
divifion of the ring. 

Fig. 52. and 53. fhow the organization of the 
head of the cofliis, though in a very imperfeft man- 
ner, as M. Lyonet found it aeceflary to employ 
twenty figures to explain it fully. The head is re- 
presented as it appears when feparated from the fat, 
and difengaged from the neck. H H are the two pal- 
pi. The truncated mufcles D belong to the lower 
lip, and afiift in moving it. K fhows the two gan- 
glions of the neck united. 1 1 are the two veffels which 
afiift in fpinning the filk. L, the oefophagus. M, 
the two difTolving veffels. The Hebrew characters 
fhow the continuation of the four cephalic ar- 
teries. In fig. 52. the ten abdubtor mufcles of the jaw 
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are reprefented by SS, TT, VV, and Z. Four occi- 
pital mufcles aie feen in fig. 53. under ee and fj, At 
a k is reprefented a nerve of the fird pair belonging 
to the ganglion of the neck \ b is a branch of this 
nerve. 

Fig. 54. exhibits the nerves as feen fiom the under 
part ; but excepting in two or three nerves, which 
may be eafily diftinguifhed, only one of each pair is 
drawn, in order to avoid confufion. The nerves of 
the nrll ganglion of the neck are marked by capital 
letters, thofe of the ganglion (a) of the head by Ro- 
man letters; the nerves of the imall ganglion by Greek 
characters. Thofe of the frontal ganglion, except 
one, by numbers. 

The mufcles of the coffus have neither the colour 
nor form of thofe of larger animals. In their natu- 
ral date they are foft, and of the confidence of a jelly. 
Their colour is a greyifh blue, which, with the diver- 
coloured appearance of the pulmonary veffels, form a 
glorious fpectacle. After the caterpillar has been 
foaked for fome time in fpirit of wine, they lofe their 
eladicity and tranfparency, becoming urm, opaque, and 
white, and the air-veiTels totally difappear.. The num- 
ber of mufcles in a. caterpillar is very great. The 
greated part of the head is compofed of them, and 
there is a va.ft number about the cefophagus, inte- 
dines, &c. the Ikin is, as it were, lined by different 
beds of them, placed the one under the other, and 
ranged with great fymmetry. M. Lyonet has been 
able to diftinguifh 228 in the head, 1647 in the 
body, and 2066 in the inteltinal tube, making in all 
4041. 

At drd bght the mufcles might be taken for ten- 
dons, as being of the fame colour, and having nearly 
the fame ludre. They are generally flat, and of an 
equal lize throughout ; the middle feldom differing 
either in colour or lize from either of the extremities. 
If they are feparated, however, by means of very fine 
needles, in a drop of fome fluid, we find them com- 
pofed not only of fibres, membranes, and air-veffels, 
but likewife of nerves ; and, from the drops of oil 
that may be feen floating on the fluid, they appear 
alfo to be furnifhed with manyun&uous particles. Their 
ends are fixed to the Ikin, but the red of the mufcle 
is generally free and floating. Several of them branch 
out confiderably ; and the branches fometimes extend 
fo far, that it is not eafy to difeover whether they 
are didincSt and feparate mufcles or parts of another. 
They are moderately flrong ; and thofe which have 
been foaked in fpirit of wine, when examined by the 
microfcopc, are found t > be covered with a membrane 
which may be feparated from them ; and they appear 
then to coniid of feveral parallel bands lying longi- 
tudinally along the mufcle, which, when divided by 
means of fine needles, appear to be compofed of dill 
fmaller bundles of fibres lying in the fame direction ; 
which, when examined by a powerful magnifier, and 
in a favourable light, appear twided like a fmall cord. 
The mufcular fibres of the fpider, which are much 
larger than thofe of the caterpillar, confid of two dif- 
ferent fubdances, one foft and the other hard ; the 
latter being twided round the former fpirally, and 
thus giving it the twided appearance jud mentioned. 

There is nothing in the caterpillar fimilar to the 
brain in man. We find indeed in the head of this 


infe& a part from which all the nerves feem to pro- Microfcope 

ceed ; but this part is entirely unprote&ed, and fo — 

fmall, that it does not occupy one tifth part of the 

head : the furface is fmooth, and has neither lobes 

nor any anfradluofity like the human brain. But if 

we call this a brain in the caterpillar, we mud fay 

that it has thirtten : for there are twelve other fuch 

parts following each other in a draight line, all of 

them of the fame fubdance with that in the head, and 

nearly of the fame lize ; and from them, as well as 

from that in the head, the nerves are didributed thro* 

the body. 

ihe fpinal marrow in- the coffus goes along the 
belly ; is very fmall, forking out at intervals, nearly 
of the fame thicknefs throughout, except at the gan- 
glions, and is not inclofed in any cafe. It is by no' 
means fo tender as in man ; but has a great degree 
of tenacity, and does not break without a confide- 
rable degree of tendon. The fubdance of the. gan- 
glions differs from that of tlie fpinal marrow, as no 
veffels can be difeovered in the latter ; but the for- 
mer are full of very delicate ones. There are 94. 
principal nerves, which divide into innumerable rami- 
fications. 

The coffus has two large tracheal arteries, creeping 
under the Ikin clofe to the fpiracuia; one at the right 
and the other at the left fide of the infe&, each of 
them communicating with the air by means of nine 
fpiracuia. They are nearly as long as the whole ca- 
terpillar ; beginning at the lird fpiraculum, and ex- 
tending fomewhat farther than the lad ; fome branch- 
es alfo extending quite to the extremity of the body. 

Round each fpiraculum the trachea pufhes forth a 
great number of branches, which are again divided 
into fmaller ones, and thefe further fubdivide and 
fpread through the whole body of the caterpillar. The 
tracheal artery, with all its numerous ramifications,, 
are open eladic veffels, which may be preffed clofe to- 
gether, or drawn out confiderably, but return imme- 
diately to their ufual fize when the tenfion ceafes. 

They are naturally of a filver colour, and make a 
beautiful appearance. This veffel, with its principal 
branches, is compofed of three coats, which may be 
feparated from one another. The outmod is a thick 
membrane furnilhed with a great variety of fibres, 
which deferibe a vad number of circles round it, com- 
municating with each other by numerous flioots. The 
fecond is very thin and tranfparent, without any par- 
ticular veffel being diftinguilhable in it. The third is 
compofed of fcaly threads, generally of a fpiral form 
and fo near each other as fcarcely to leave any inter- 
val. They are curioufly united with the membrane 
which occupies the intervals and form a tube which 
is always open, notwithdanding the flexure of the 
veffel. There are alfo many other peculiarities in its 
ftru&ure. The principal tracheal veffels divide into 
1326 different branches. 

The heart of the coffus is very different from that of 
larger animals, being almod as long as the animal it- 
felf. It lies immediately under the Ikin at the top of 
the back, entering the head, and terminating near the 
mouth. Towards the lad rings of the body it is large 
and capacious, diminifliing very much as it approaches 
the head, from the fourth to the twelfth divifion. On 
both fides, at each divifion, it has an appendage, which 
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Microfcopc partly covers the mufcles of the back, but which, 
’ growing narrower as it approaches the lateral line, it 
forms a number of irregular lozenge- fhaped bodies. — 
This tube, however, feems to perform none of the 
functions of the heart in larger animals, as we find no 
veffel opening into it which anfwers either to the aorta 
or vena cava. It is called the heart, becaufe it is ge- 
nerally filled with a kind of lymph, which naturaliits 
have fuppofed to be the blood of the caterpillar ; and 
becaufe in all caterpillars which have a tranfparent 
fit in, we may perceive alternate regular contractions 
and dilatations along the fuperior line, beginning at the 
eleventh ring* and proceeding from ring to ring, from 
the fourth ; whence this vdfel is thought to be a firing 
or row of hearts. There are two white oblong bodies 
which join the heart near the eighth divifion ; and 
thefe have been called rentform bodies, from their ha- 
ving fomewhat of the lhape of a kidney. 

The mofi confiderable part of the whole caterpillar 
with regard to bulk is the corpus craffum. It is the 
firil and only fubfiance that is feen on opening it. It 
forms a kind of fiieath which envelopes and covers all 
the entrails, and, introducing itfelf into the head, en- 
ters all the mufcles of the body, filling the greateft 
part of the empty fpaces in the caterpillar. It very 
much refembles the configuration of the human brain, 
and is of a milk-white colour. 

The oefophagus defeends from the bottom of the 
mouth to about the fourth divifion. The fore-part, 
which is in the head, is flefhy, narrow, and fixed by 
different mufcles to the crufiaceous parts of it ; the 
lower part, which pafies into the body, is wider, and 
forms a kind of membranaceous bag, covered with 
very fmall mufcles ; near the ftomach it is narrower^ 
and, as it were, confined by a firong nerve fixed to it 
at diftant intervals. The ventricle begins a little above 
the fourth divifion, where the oefophagus ends, and 
fini files at the tenth. It is about feven times as long 
as broad ; and the anterior part, which is broadefi, is 
generally folded. Thefe folds dim-ini fii with the bulk 
as it approaches the inteftines ; the furface is covered 
■with a great number of aerial vefiels, and open^into a 
tube, which M. Lyonet calls the large intefiine. — 
There are three of thefe large tubes, each of which 
differs fo much from the refi, as to require a particular 
name to difiinguifh it from them. 

The two veffels from which the cofius fpins its filk 
are often above three inches long, and are difiinguifh- 
ed into three parts ; the anterior, intermediate, and 
pofierior. It has likewife two other vefiels, which are 
fuppofed to prepare and contain the liquor for difi* 
folving the wood on which it feeds. 

Plate Fig. 55. fhews the wing of an earwig magnified; 

CCCIV. a reprefents it of the natural fize. r I he wings of this 
infeefi are fo artificially folded up under fhort cafes, 
that few people imagine they have any. Indeed, they 
very rarely make ufe of their wings* The cafes under 
which they are concealed are not more than a fixth part 
©f the fize of one wing, though a fmall part of the 
wing may be difeovered, on a careful infpeCion, pro- 
jecting from under them. The upper part of the wing 
is crufiaceous and opaque, but the under part is beau- 
tifully tranfparent. In putting up their wings, they 
firft fold back the parts AB, and then fiiut up the 
ribs like a fan ; the firong mufcles ufed for this purpofe 
being feen at the upper part of the figure. Some of 


the ribs are extended from the centre to the outer edge; Microfcopc 
others only from the edge about half way : but they 
are all united by a kind of band, at a fmall but equal 
difiance from the edge ; the whole evidently contrived 
to firengthen the wing, and facilitate its various mo- 
tions. The infeCl itfelf differs very little in appear- 
ance in its three different dates. De Getr afferts, that 
the female hatches eggs like a hen, and broods over 
her young ones as a hen does. 

Fig. 56. reprefents a wing of the Hemerobius perla 
magnified. It is an infedt which feldom lives more 
than two or three days. — The wings are nearly of 
a length, and exaCIy fimilar to one another. They 
are compoft'd of fine delicate nerves, regularly and 
elegantly difpofed as in the figure, beautifully a- 
dorned with hairs, and lightly tinged with green. 

The body is of a fine green colour ; and its eyes ap- 
pear like two burnifhed beads of gold, whence it has 
obtained the name of golden - eye This infeC lays 
its eggs on the leaves of the plum or the rofe tree ; the 
eggs are of a white colour, and each of them fixed to 
a little pedicle or foot-fialk, by which means they 
ftand off a little from the leaf, appearing like the fruc- 
tification of fome of the mofies. The larva proceed- 
ing from thefe eggs refembles that of the coccinefla or 
lady-cow, but is much more handfome. Like that, it t 
feeds upon aphides or pucer-ons, fucking their blood, 
and forming itfelf a cafe with their dried' bodies ; in 
which it changes into the pupa fiate, from whence 
they afterwards emerge in the form of a fly. 

Fig. E, F, I, reprefent the duft of a moth’s wing 
magnified. This is of different figures in different 
moths. The natural fize of thefe fmall plumes is re- 
prefen ted at H. 

Fig. 57. fhows a part of the cornea of the libellula 
magnified. In fome pofitions of the light, the fides 
of the hexagons appear of a fine gold colour, and di- 
vided by three parallel lines. The natural fize of the 
part magnified is fhown at b. 

Fig. 58. fhows the parte of a lobfier’s cornea mag- 
nified. 

Fig. 59. fhows one of the arms or horns of the lepas 
antifera, or baraacle, magnified ; its natural fize being 
represented at d. Each horn conlifls of feveral joints, 
and each joint is furnifhed on the concave iide of the 
arm with long hairs. When viewed in the microfcope, 
the arms appear rather opaque ; but they may be ren- 
dered tranfparent, and become a mofi: beautiful objeC, 
by extracting out of the interior cavity a bundle of 
longitudinal fibres, which runs the whole length of the 
arm. Mr Needham thinks that the motion and ufe of 
thefe arms may illuflrate the nature of the rotatory mo- 
tion in the wheel-animal. In the midft of the arms is 
an hollow trunk, confining of a jointed hairy tube, 
which inclofes a long round tongue that can be pufh- 
ed occafionally out of the tube or fheath, and retrac- 
ed occafionally. The mouth of the animal confills of 
fix laminae, which go off with a bend, indented like a 
faw on the convex edge, and by their circular difpofi- 
tion are fo ranged, that the teeth, in the alternate ele- 
vation and depreflion of each plate, aC againfl what- 
ever comes between them. The plates are placed to- 
gether in fuch a manner, that to the naked eye they 
form an aperture not much unlike the mouth of a 
contraCed purfe. 

Fig. 60. fhows the apparatus of the Tabanus or Gad- 
fly 
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' Microftope fly, by which it pierces the fkin of horfes and oxen, in 
or< ^ er their blood. The whole is contained in a 

flefhy c?fe, not expreffed in the figure. The feelers aa 
are of a fpongy texture and grey colour, covered 
with fhort hairs* They are united to the head by a 
fmali joint of the lame fubilance. They defend the 
other parts of the apparatus, being laid upon it fide 
by fide whenever the animal flings, and thus preferve 
it from external injury. The wound is made by the 
two lancets bb and B, which are of a delicate It ru&ure, 
but very fharp, formed like the differing knife of an 
anatomifl, growing gradually thicker to the back. — 
The two inilruments cc and C, appear as if intended 
to enlarge the wound, by irritating the parts round it; 
for which they are jagged or toothed. They may alfo 
Terve, from their hard and horny texture, to defend the 
tube e E, which is of a fofter nature, and tubular, to 
.admit the blood, and convey it to the flomach. This 
part is totally incloled in a line d D, which entirely 
covers it. Thefe parts are drawn feparately at B, C, 

• D, E. De Geer obferva6, that only the females fuck 
the blood of animals ; and Reaumur informs us, that 
having made one, that had fucked its fill, difgorge it- 
-felf, the blood it threw up appeared to him to be more 
than the whale body of the infeft could have contain- 
ed. The natural fize of this apparatus is fhown at f 

Fig. 61. fhows a bit of the fkin of a lump-fifh ( Gy - 
c’opterus ) magnified. When a good fpecimren of this can 
:be procured, it forms a moll beautiful objedl. The 
tubercles exhibited in the figure probably fecrete an 
un&uous juice. 

Fig. 62. fhows the fcale of a fea-perch found on the 
Englifh coaft 5 the natural fize is exhibited at h . 

Fig. 63. is the fcale of an haddock magnified ; its 
natural fize as within the circle. 

Fig. 64. the fcale of a parrot fifh from the Weft 
Indies magnified ; / the natural fize of it. 

Fig. 65. the fcale of a kind of perch in the Weft 
Jndies magnified ; k the natural fize of the fcale. 

Fig. 66. part of the fkin of a foie fifh, as viewed 
through an opaque microfcope ; the magnified part, 
in its real fize, fhown at /. 

The feales of fifhes afford a great variety of beauti- 
ful obje&s for the microfcope. Some are long ; others 
round, fquare, &c. varying confiderably not only in 
different fifhes, but even in different parts of the fame 
fifh. Leeuwenhoeck fuppofed them to confifl of an 
infinite number of fmali fcaies or ftrata, of which thofe 
next to the body of the fifh are the largeft. When 
viewed by the microfcope, we find fome of them or- 
namented with a prodigious number of concentric 
flutings, too near each other, and too fine to be eafily 
enumerated. Thefe flutings are frequently travelled 
by other* diverging from the centre of the fcale, and 
generally proceeding from thence in a flraight line to 
the circumference* 

For a more full information concerning thefe and 
other microfcopical objedls, the reader may confult 
Mr Adams’s EJjays on the Microfcope , who has made the 
■moil valuable colle&ion that has yet appeared on the 
iubje6t. Sec alfo the articles Animalcule, Crystal- 
lization, Polype, Plants, and Wood, in the pre- 
fen t Work. 

MIDAS (fab. hill.), a famous king ef Phrygia, 
who having received Bacchus with great magnificence, 


that god, out of gratitude, offered to grant him what- Midas 
ever he fnould afk. Midas defired that every thing he !l ' 
touched fhould be changed into gold. Bacchus con- Middle* 
fented; and Midas, with extreme pleafure, everywhere u r ^* j 
found the effects of his touch. But he had foon rea- 
fon to repent of his folly : for wanting to eat and 
drink, the aliments no feoner entered his mouth than 
they were changed into gold. This obliged him ta 
have recourfe to Bacchus again, to befeech him to re- 
ftorehim to his former flate; on which the god ordered 
him to bathe in the river Pa6tolus, which from thence 
forward had golden fands. Some time after, being 
chofcn judge between Pan and Apollo, he gave an- 
other inilance of his folly and bad tafte, in preferring 
Pan’s mufic to Apollo’s ; on which the latter being 
enraged, gave him a pair of affes ears. This Midas 
attempted to conceal from the knowledge of his fub- 
jedls : but one of his fervants faw the length of his 
ears, and being unable to keep the fecret, yet afraid to 
reveal it from apprehenfion of the king’s refentment, he 
opened a hole in the earth, and after he had whifpered 
there that Midas had the ears of an afs, he covered the 
place as before, as if he had buried his words in the 
ground. On that place, as the poets mention, grew a 
number of reed3, which when agitated by the wind 
uttered the fame found that had been bilried beneath, 
and publifhed to the world that Midas had the ears of 
an afs. Some explain the fable of the ears of Midas, 
by the fuppofition that he kept a number of informers 
and fpies, who were continually employed in gather- 
ing every feditious word that might drop from the 
mouths of his fubjedls. Midas, according to Strabo, 
died of drinking bull’s hot blood. This he did, as 
Plutarch mentions, t« free nimfelf from the numerous 
ill dreams which continually tormented him. Midas, 
according to fome, was fon of Cybele. He built a 
town which he called Ancyrje* 

Midas, Ear-fhell , the fmooth ovato-oblong bucci- 
num, with an oblong and very narrow mouth. It con- 
fifts of fix volutions, but the lower one alone makes up 
almoft the whole (hell. 

MID-heaven, the point of the ecliptic that culmi* 
nates* or in which it cuts the meridian. 

MIDDLEBURG, one of the Friendly Iflands in 
the South Sea. This ifland was firft difeovered by 
Tafman, a Dutch navigator, in January 1742-3; and 
is called by the natives Ea-Oo-wbe : it is about 16 
miles from north to fouth, and in the wideft part about 
8 miles from eaftto weft. The fkirts are chiefly laid 
out in plantations, the fouth-weft and north-weft fides 
efpecially. Ths interior parts are but little cultiva- 
ted, though very capable of it : but this negledl adds 
greatly to the beauty tff the ifland; for here are agree- 
ably difperfed groves of cocoa-nuts and other trees, 
lawns covered with thick grafs, here and there planta- 
tions and paths leading to every part of the ifland, in 
fuch beautiful diforder, as greatly to enliven the pro- 
fpedt. The hills are low ; the air is delightful ; but 
unfortunately water is denied to this charming fpot. 

Yams, with other roots, bananas, and bread-fruit, are 
the principle articles of food ; but the latter appeared 
to be fcarce. Here is the pepper-tree, or ava-ava % 
with which they make an intoxicating liquor, in the 
fame difgufting manner as is pra£tifed in the Society 
Iflands. Here are fever al odoriferous trees and fluubs, 
t " par- 















